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PREFACE

This is the second volume I have edited on paleoeth-
nobotanical research in the Northeast. The first, pub-
lished as Current Northeast Paleoethnobotany, New York
State Museum Bulletin 494 in 1999, was based on a
symposium held at the New York State Museum in
Albany as part of the New York Natural History
Conference IV in April 1996. This current volume is
based on a symposium held in San Juan, Puerto Rico,
at the 71st annual meeting of the Society for American
Archaeology in April 2006. As I relate in the introduc-
tory chapter of this volume, a lot had changed in pale-
oethnobotany in the Northeast during the 10 years
between the symposia. Suffice it to say here that the
Northeast is more visible than ever in the paleoeth-
nobotanical literature and that the methods, tech-
niques, and theories used by the discipline are much
broader than in 1996.

The symposium brought together many of the same
participants in the original symposium and volume. Most
of the symposium participants were able to contribute
chapters to the present volume. These include Nancy
Asch Sidell, John P. Hart, Mark A. McConaughy, Katy R.
Serpa, Elizabeth S. Chilton, Jeffrey Bendremer and Elaine
Thomas, Tonya Largy and E. Pierre Morenon, Michael
Deal and Sara Halwas, and Jack Rossen. In addition, I was

Xi

able to solicit papers from a number of individuals who
had not participated in the symposium, but are doing
important paleoethnobotanical research in the Northeast.
These are Eleanore A. Reber; Ninian Stein; Tim Messner,
Ruth Dickau, and Jeff Harbison; William A. Lovis and G.
William Monaghan; and Robert H. Pihl, Stephen G.
Monckton, David A. Robertson, and Robert E. Williamson.
Finally, John Edward Terrell contributed a commentary on
the volume that places the practice of paleoethnobotany in
the Northeast in a broader perspective. Collectively, the
contributions by these authors provide a sense for the
breadth of paleoethnobotanical research being carried out
in the Northeast. They also provide a benchmark, as did
the 1999 volume, by which progress in the field can be
measured in the decades to come.

I thank all of the contributors for helping to make this
second Current Northeast Paleoethnobotany volume a reality.
I also thank Gayle R. Fritz for her timely and thoughtful
review of the volume and John B. Skiba for managing the
volume’s production. Finally, thanks to Patricia Kerrian
for the cover illustration.

John P. Hart
February 2008
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CHAPTER 1

INTRODUCTION

John P. Hart

In northeastern North America our understandings of
prehistoric human—plant relationships, the subject of
paleoethnobotany, continue to change as more samples
are taken, examined, and compared to extant records. The
results of these analyses are no longer relegated to the
appendices of archaeological site reports, but constitute
important contributions to our understandings of Native
American lifeways in the Northeast, on their own and in
combination with other lines of evidence. This volume is
another such contribution, bringing together a series of
chapters that represent some of the range of work being
done in this vital field of inquiry.

The chapters in this volume stem from a symposium I
organized for the 2006 Society for American Archaeology
annual meeting in San Juan, Puerto Rico. The goal of the
symposium was to commemorate the tenth anniversary
of a symposium that I organized for the 1996 New York
Natural Historic Conference at the New York State
Museum in Albany. That symposium eventually gave rise
to New York State Museum Bulletin 494, Current Northeast
Paleoethnobotany (Hart 1999a). Beyond that was my desire
to bring to the fore progress that had been made in the
field over the intervening years. What is the nature of
paleoethnobotanical research Northeast in the mid-2000s?

In the 10 years between the two symposia there have
been considerable changes in the discipline. Most of these
changes are related to analytical techniques that are pro-
viding new lines of evidence on prehistoric human—plant
interactions. There have also been changes in methods
and theories that provide the basis for understanding
how humans made use of plants in the past and how
those uses impacted other aspects of human behavior.
The impacts of these changes are evident in many of the
current volume’s chapters.

In the 1990s the primary focus on paleoethnobotanical
research in eastern North America remained on macrobot-
anical remains. This is reflected in two important, widely

cited summary publications on the paleoethnobotany of
the region (Fritz 1990; Smith 1992) as well as a number of
compiled volumes (e.g., Gremillion 1997; Hart 1999a;
Scarry 1993). Today, macrobotanical remains continue to
play significant roles in our understandings of
human-—plant relationships as demonstrated by many of
the chapters in this volume (also see e.g., chapters in
Minnis 2003). Asch Sidell’s chapter is an excellent demon-
stration of how painstakingly accumulated macrobotani-
cal data can be used to address long-term changes in
human-plant relationships and the impacts of the adop-
tion of maize on those relationships over large expanses
of territory (also see Asch Sidell 1999, 2002). McCon-
aughy’s review and summary of paleoethnobotanical
data from Pennsylvania, building on an earlier summary
by King (1999), is another such example. Both of these
chapters illustrate the use of indigenous eastern North
American crops in the Northeast in addition to the well-
documented use of indigenous cucurbits. In need of reso-
lution is the extent to which these crops were in use prior
to the widespread use of maize.

In their chapter, Largy and Morenon show how careful
assessments of even moderate amounts of macrobotani-
cal remains can help clarify regional issues in paleoeth-
nobotany, such as the use of maize in coastal Rhode
Island. Bendremer and Thomas provide a case study that
links the prehistoric and historical archaeological records
and the written historical record of maize use in
Connecticut with current use among the Mohegan. Lovis
and Monaghan combine macrobotanical and geoarcheo-
logical analyses to gain new insights into the early use of
squash in Michigan. Pihl and colleagues use macrobotan-
ical remains to aid in the interpretation of the Holmesdale
site in southern Ontario. They use the results to help us
understand regional variation in maize agriculture sever-
al centuries after the first macrobotanical evidence for the
crop in that region (Crawford et al. 1997). Deal and
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Halwas provide an overview of the results of paleoeth-
nobotanical research in the Western Minas Basin of Nova
Scotia. Their work demonstrates the value of combining
macrobotanical evidence with that from the ethnohistoric
record for elucidating prehistoric plant use in this area
where agricultural crops were not used.

In the 1990s microbotanical remains in northeastern
North America received less general notice and apprecia-
tion. In some areas of research it is microbotanical
remains, however, that play the most prominent roles
(e.g., Piperno 1998). While pollen has been a component
of paleoethnobotanical studies for decades (e.g.,
Almgquist-Jacobson and Sanger 1999; Fearn and Liu 1995;
Sears 1982; Whitehead 1965; Whitehead and Sheehan
1985), today our understandings of crop histories are
being altered, often radically, as a result of the analyses of
microbotanical remains such as lipids, phytoliths, and
starches, as well as molecular evidence such as ancient
DNA. While pursued for many years, these analyses have
only gained broad acceptance over the past decade, and it
is no longer possible to understand the full histories of
crops in any region of the world without considering
them. We are only beginning to take advantage of these
lines of evidence in the Northeast.

Phytoliths are silicate structures found in plants cells.
The potential of these structures to inform paleoethnob-
otanical studies has long been recognized (Pearsall 1982;
Rovner 1983). The analysis of phytoliths recovered from
sediments at archaeological sites has been used to eluci-
date crop histories in the tropics since the 1970s (e.g.,
Pearsall 1978; Pearsall et al. 2003; Piperno 2004; Piperno et
al. 1985; Piperno and Flannery 2001; Piperno and Pearsall
1998; Piperno and Stothert 2003). However, there was,
until recently, very little use of this potential source of evi-
dence for crop histories in eastern North America (e.g.,
Bozarth 1987, 1990, 1993; Mulholland 1993), including the
Northeast (Starna and Kane 1983).

More recently, efforts have been made to extract and
analyze phytoliths from more secure contexts such as
charred cooking residues adhering to the interiors of pot-
tery sherds (e.g., Boyd et al. 2006; Chévez and Thompson
2006; Lusteck 2006; Staller and Thompson 2002;
Thompson 2005a, 2005b; Thompson et al. 1994). Over the
past several years, my colleagues and I have done analy-
ses of phytolith assemblages recovered from directly
AMS dated cooking residues from sites in central New
York (Hart et al. 2003, 2007a, 2007b; Thompson et al.
2004). As related in my chapter in this volume, the results
of these analyses have changed our understanding of the
histories of maize (Zea mays ssp. mays) and squash
(Cucurbita sp.) considerably. They have also provided evi-
dence that wild rice (Zizania aquatica) and sedges (Cyperus
sp.) were also being cooked in pottery and that grass
seeds (possibly little barley [Hordeum pusillum]), were

being processed in 3,500-year-old steatite vessels. In her
chapter in this volume Serpa reviews the results of a pilot
program for building a comparative collection of phy-
toliths specifically for the Northeast. She confirms that
several plant species have high potential for phytolith
research in the region. While published phytolith investi-
gations in the Northeast have been restricted to New
York, this technique has a great deal of potential to
advance our understandings of crop histories throughout
the larger region in the coming years.

Starch grain analysis has a shorter history. As related by
Messner et al. (this volume), it was only in the mid-1990s
when the analysis of starch grains in paleoethnobotany
was realized (Cortella and Pochettino 1994; Loy 1994; but
also see Ugent et al. 1984 ). Analysis of starch grains has
been an important source of new information about crop
histories in the tropics over the last decade (e.g., Dickau
2005; Perry 2002; Perry et al. 2007; Piperno and Holst
1998). It was not until the last few years that attempts
were made to analyze starch grains in the Northeast.
Messner and Dickau (2005) demonstrated that starch
grains preserve in the microtopography of stone tools in
Pennsylvania. In the present volume Messner and col-
leagues show that starch grains also preserve in charred
cooking residues on pottery sherds at the Pennsylvania
sites (also see Boyd et al. 2006). While the results are lim-
ited at this time to relatively recent contexts in
Pennsylvania, this technique, like phytolith analysis, has
great potential to change our understandings of prehis-
toric human-—plant relationships in the Northeast.

The analysis of fatty acids recovered from prehistoric
pottery has a long history (e.g., Eerkins 2005; Evershed et
al. 1992; Passi et al. 1981), including applications in the
Northeast (Deal 1990; Deal et al. 1991; Deal and Silk 1988;
Fie et al. 1990). Most recently, in eastern North America,
Reber and colleagues (Reber et al. 2004a, 2004b; Reber and
Evershed 2004, 2006) have pursued evidence for maize
cooking in late prehistoric pottery from the Mississippi
Valley. They have been able to identify a rare specific
marker for maize that can be confirmed through mass
spectrometry/gas chromotography analysis. Reber has
also extracted lipids from both pottery sherd fabric and
encrusted cooking residues on pottery and steatite sherds
from New York. While not providing specific identifica-
tions of crops, as reviewed by Reber and Hart (this vol-
ume) these analyses have led to the identification of pine
processing in the vessels. Lipids produced by pine resins
been identified in 3,500-year-old residues on steatite
sherds (Hart et al. 2008) as well as pottery sherds from
early contexts through late prehistory (Reber and Hart
2008, this volume). Two hypothesis that may explain the
presence of pine resin is that it was used to seal the ves-
sels or that decoctions of white pine needles were pre-
pared as a rich source of vitamin C to cure and avoid
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scurvy. The use of pine as a medicinal resource has been
documented among the northern Iroquois ethnohistori-
cally (Hosbach 1994; Moerman 1986), and ethnographi-
cally and historically as a pottery vessel sealant in several
areas of the world (e.g., Beck et al. 1989; Longacre 1981;
Schiffer et al. 1994). However, it has not been identified
previously as a prehistoric resource in New York for
either of these purposes.

The combined data from phytolith and lipid analysis of
residues has already been shown to have great potential
to increase our understandings of plant processing and
vessel use (e.g., Hart et al. 2008). Such results can be
enhanced further by the analysis of starches recovered
from the same residues. The need to combine evidence
from numerous lines of paleobotanical evidence includ-
ing both macro- and microbotanical remains has been
recently demonstrated by Smalley and Blake (2003) in
Mexico. A sole reliance on macrobotanical remains to
assess the histories of crops or the ranges of subsistence
activities of a particular component or region is no longer
tenable. As I discuss in my chapter in this volume, there
is a strong need to tie to theory the methods and tech-
niques used to develop lines of evidence about prehistoric
plant-human relationships.

Another line of evidence extracted from charred cook-
ing residues adhering to the interior surfaces of pottery
has recently been questioned. Several studies have used
isotope values from residues to assess whether or not
maize had been cooked in a pot (e.g., Beehr and Ambrose
2007; Hastorf and DeNiro 1985; Morton and Schwarcz
2003; Schulenberg 2002). The underlying assumption is
that there is a linear relationship between the proportion
of maize cooked in a pot relative to C3 resources and the
resulting d13C values (e.g., Morton and Schwarcz 2003;
see Hart et al. 2007b). However, a series of experiments
have demonstrated that the relationship can be non-linear
and that the non-linear relationship depends on the
resources cooked in the pot (Hart et al. 2007b). In the end,
it is necessary to know in advance what resources were
cooked in a pot and in what proportions before a carbon
isotope value can be interpreted. This is an issue that
needs additional experimental work to determine the
relationships between the foods cooked in pots, the
resulting charred cooking residues, and carbon isotope
values.

Important information has been gained over the last
few decades on the evolutionary history of crops though
isozymic and DNA analyses. Analyses of modern plant
isozymes and DNA have shown that the squash sub-
species of Cucurbita pepo ssp. ovifera evolved from gourds
indigenous to eastern North America (Decker 1988;
Decker-Walters et al. 1993, 2002; Paris et al. 2003; Sanjur et
al. 2002). Similarly, isozyme analysis of modern maize
samples have shown that Northern Flint has a level of
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genetic differentiation from other maize varieties that is
typical of separate species (Doebley et al. 1986). This was
subsequently confirmed through DNA analysis (Camus-
Kulandaivelu et al. 2006). DNA analysis of modern maize
and teosinte has helped to reconstruct the history of
maize’s evolution and dispersals (e.g., Matsuoka et al.
2002), investigate the relationships between maize vari-
eties from the Great Plains (Moeller and Schaal 1999) and
North American popcorns (Santacruz-Varela et al. 2004),
and reconstruct the dispersal histories of maize in the Old
World (e.g., Gauthier et al. 2002; Rebourg et al. 2001,
2003). DNA analysis of macrobotanical remains from
archaeological sites is helping to elucidate the histories of
maize in the tropics (Freitas et al. 2003; Jaenicke-Després
et al. 2003; Jaenicke-Després and Smith 2006). Protein and
genetic analysis has also been used to track the evolu-
tionary and dispersal histories of the common bean (e.g.,
Gepts and Bliss 1986; Gepts et al. 1986; Singh et al. 1991;
Sonnante et al. 1994). To date, there have been no such
studies published that focus specifically on northeastern
North America. A quantitative trait analysis of maize lan-
draces from the St. Lawrence-Great Lakes region (Azar et
al. 1997) and large regional genetic analyses (e.g., Camus-
Kulandaivelu et al. 2006; Matsuoka et al. 2002) suggest
the possibility that DNA analysis of traditional crops in
the Northeast could yield information that would enable
a better understanding of crop histories in the region. As
ancient DNA techniques become more refined in the com-
ing years, this also may be an avenue that will contribute
substantively to our understandings of crop histories in
the Northeast.

Another important advance in our knowledge of crop
histories has been direct accelerator mass spectrometry
(AMS) dating of crop remains becoming a standard prac-
tice. This technique had been used in several studies by
the mid-to-late-1990s to help resolve chronological issues
of crops at specific sites (e.g., Bendremer et al. 1991;
Cassedy and Webb 1999; Hart 1999b; Hart and Asch Sidell
1997; Petersen and Asch Sidell 1996). These extended the
known range of early cucurbit use in eastern North
America to the Northeast (Hart and Asch Sidell 1997;
Petersen and Asch Sidell 1996), and also demonstrated
that crops were not as early as thought on some sites
(Asch Sidell 1999; Cassedy and Webb 1999; Hart 1999b),
paralleling trends in other areas of the East (e.g., Conard
et al. 1984). Subsequently, AMS dating has helped to
resolve long-standing issues of crop histories in larger
regional studies. Crawford et al. (1995) published an
important article documenting the presence of maize
macrobotanical remains in southern Ontario by 1551478
B.P. (cal. 20 1605-1302 B.P.). Phytoliths from directly AMS
dated charred cooking residues indicate the presence of
maize in central New York by 2270+35 B.P. (cal. 20 2348-
2157 B.P.) (Hart et al. 2007a). AMS dating of bean macro-



botanical remains from across the Northeast indicated
that there is no substantiated evidence for this crop before
c. 750 B.P. (Hart et al. 2002; Hart and Scarry 1999). No
phytolith evidence has been found for bean at older
times. Most recently, Monaghan et al. (2006; Lovis and
Monaghan, this volume) directly dated gourd remains
from Michigan indicating use by 3840440 B.P. (cal. 20
4411-4103 B.P.) and use of squash by 2820+40 B.P. (cal. 20
3064-2803 B.P.). There are numerous other examples of
AMS dating crop remains that have helped to sort out our
understandings of regional agricultural chronologies in
the Northeast (e.g., Chilton 2006). What is becoming
increasingly clear is that relying on spatially associated
charcoal to obtain dates for crops in untenable and that
AMS dating used in conjunction with microbotanical
research can provide unanticipated results.

Theoretically, there has been a move away from the
traditional categories of hunter-gatherer and agricultur-
ist with recognition that such categories hide much of the
variation that characterizes human subsistence strate-
gies. However, there is no agreement on what, if any, cat-
egories should replace the traditional ones. Smith (1998,
2001), for example, argues for a middle ground between
hunter-gatherers and agriculturists that constitutes a vast
range of economic patterns. Terrell et al. (2003), on the
other hand, suggest doing away with such classifications
and focusing instead on the details of subsistence prac-
tices; what resources were being exploited, in what pro-
portions, and how these resources were managed.
Important to this is a reconceptualization of domestica-
tion to: “any species or place may be called domesticated
whenever another species knows how to harvest it”
(Terrell et al. 2003:325). This definition focuses analyses
more formally on the relationships between humans and
plants (and animals), and how human behavior affects
plant (and animal) populations. What is clear is that the
persistent use of traditional categories constrains pale-
oethnobotanical investigations and may even channel
those investigations to specific, anticipated results. In her
chapter, Stein explores how traditional dichotomous
Western categories, such as forager/farmer and
nature/ culture, have influenced archaeological concep-
tualizations of subsistence practices in late prehistoric
and early historic southern New England. Chilton
explores the concept of mobile farmers and the nature of
the archaeological record in New England. Both of these
chapters clearly demonstrate the need to carefully assess
the underpinnings of our conceptualizations of the past
in general and of the nature of prehistoric subsistence
specifically.

CONCLUSION

In conclusion, paleoethnobotany today is a very different
discipline than it was in 1996. While macrobotanical
remains continue to be critical lines of evidence, microb-
otanical remains are providing important lines of evi-
dence that are helping to shape new understandings of
human-plant interactions in the Northeast. Theoretical
issues are being reconceived in a manner that makes the
past a much more interesting place, where traditional cat-
egories no longer have productive roles. As we continue
into the latter part of the first decade of the twenty-first
century, the Northeast is poised to make continuing
important contributions to the discipline, both in terms of
substantive studies of macrobotanical and microbotanical
remains and in its theoretical development. In their
respective chapters, Rossen and Terrell provide insights
into how paleoethnobotany in the Northeast is presently
situated within the larger field and in relation to trends in
other parts of the world. As they both indicate, current
Northeast paleoethnobotany can not only benefit from
but also benefit the field of paleoethnobotany in other
regions of the world.

A NOTE ON RADIOCARBON DATES
AND CHRONOLOGY

Unless otherwise noted, all radiocarbon dates presented
in this volume have been calibrated with CALIB 5.01
using the IntCal04 dataset. Calibrated dates are presented
as 20 ranges. I have left it up to the individual chapter
authors whether to use B.P. (before present) or B.C./ A.D.
calibrations. Dates preceded by ca. are uncalibrated
unless preceded by the abbreviation cal. and are general-
ly date range estimates provided for traditional culture
historic periods and taxa.
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CHAPTER 2

CURRENT ISSUES IN PALEOETHNOBOTANICAL
RESEARCH FROM PENNSYLVANIA AND VICINITY

Mark A. McConaughy

The decade of the 1960s saw a profound change in how
archaeology was and is conducted in the United States.
Interest became focused on settlement patterns and sub-
sistence practices. Some of these changes were brought
about because of criticisms that archaeology needed to be
more than simple descriptions of artifacts found at sites
and plugging sites into a local chronology. Other changes
were brought about by new techniques that were devel-
oped, such as flotation, microscopic edge wear studies of
lithics, and trace element/mass spectrometer analysis of
bone remains that provided a wealth of new information
about what went on in the past.

Most of the data for the chapter were gathered after the
use of flotation became a common practice at sites in the
region. Flotation of soil samples recovered from good
archaeological contexts provided the ability to recover
small bones, seeds, and plant remains that would have
fallen through most 0.125, 0.25 and 0.5 inch mesh hard-
ware cloth normally employed to screen site matrix.
Studies conducted largely after 1960 have shown that
there was an Eastern Agricultural Complex (Ford 1985),
consisting of native plants that were cultivated prior to the
intensive adoption of maize horticulture in the eastern
United States. Plant species included in the Eastern
Agricultural Complex are gourd/squash (Cucurbita pepo
ssp. ovifera), goosefoot (Chenopodium berlandieri ssp. jone-
sianum), sumpweed (lva annua var. macrocarpa), maygrass
(Phalaris caroliana), erect knotweed (Polygonum erectum),
little barley (Hordeum pusillum), and sunflower (Helianthus
annuus var. macrocarpus) (Wymer 1996; King 1999:12).
Identification of these remains at sites in Pennsylvania and
the eastern United States has drastically altered our view
of what people ate and their subsistence practices.

This chapter is primarily directed toward investiga-
tions into horticulture practices used by the prehistoric
inhabitants from Pennsylvania and the northern panhan-
dle of West Virginia. The later area is included since there

is little difference in the cultural remains recovered from
the northern panhandle of West Virginia and those from
southwestern Pennsylvania. In fact, some of the type
localities for Middle and early Late Woodland groups
from southwestern Pennsylvania are located in the pan-
handle. Modern boundaries were not observed by region-
al prehistoric inhabitants. Figure 2-1 provides the general
location of sites noted in this chapter.

The area of Pennsylvania and the northern panhandle
of West Virginia also is a critical area for understanding
how early horticultural practices developed and spread
from the Midwest into New York and New England. The
Allegheny and Susquehanna drainages played significant
roles in the transport of people, ideas, technologies and
crops between these areas during prehistoric times.

Frances King (1999) produced the first comprehensive
summary of paleoethnobotanical data from Pennsylvania.
This chapter is an outgrowth of her study. It is also dedi-
cated to her because her untimely death made it impossi-
ble for Fran to continue her work. We will all miss her
contributions to the understanding of plant use and plant
domestication in the region.

HORTICULTURE IN PENNSYLVANIA AND
VICINITY-THE DATABASE

The development of horticulture in the eastern United
States predates the late Late Woodland /Late Prehistoric
period (ca. A.D. 900 to A.D. 1500/European contact).
Early horticulture is largely based on growing native
Eastern Agricultural Complex plants. The use of many of
these Eastern Agricultural Complex plants was well
established in Ohio between at least ca. 2050 B.P. and 1150
B.P. (Wymer 1992, 1993, 1996). Unfortunately, data for
these horticultural products is not as well documented
from Pennsylvania sites.
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Figure 2.-1: General location of sites mentioned in this Chapter.

Cucurbits

The earliest well-documented possible cultigen from
Pennsylvania is a cucurbit (Table 2-1). Two rind frag-
ments of Cucurbita pepo (gourd/squash) from the
Memorial Park site in northeastern Pennsylvania were
directly AMS dated to 5404 B.P.t552 B.P. (cal. 20
5436-2900 B.C.; Hart and Asch Sidell 1997:527). Soil asso-
ciated with the feature producing the rind fragments was
also dated using three bulk soil samples and one wood
charcoal to yield a pooled date of 5009 B.P+53 B.P. (cal. 20
3953-3692 B.C.; Hart and Sidell 1997:526). These rind
fragments were only 0.7 mm thick (Hart and Asch Sidell
1997:527). King (1985:91) suggested that any cucurbit rind
thinner than 2.0 mm was from a wild form of Cucurbita.
Smith (1992a:41) agrees and applied “King's rule” to mid-
Holocene specimens of cucurbits recovered in the mid-
western United States. All were thinner than 2.0 mm and
Smith concluded they were from wild cucurbits growing
in that region. Conversely, Hart and Asch Sidell
(1997:528-530) argue that the early remains from
Memorial Park are well outside the range of any known
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wild forms of cucurbit. They argue that cucurbit remains
in northern Pennsylvania likely required intentional
human dispersal through cultivation. Nevertheless, they
could not totally rule out ruderal populations developing
in areas disturbed by human activities in the Northeast.
Thus, minimally it can be stated that the early cucurbits
from Memorial Park represent early exploitation of
gourds, and possibly represent evidence of early cultiva-
tion in the region.

Another Cucurbita pepo (squash) rind fragment (one of
10 rind fragments found in this level) from Memorial
Park was AMS dated to 2625445 B.P. (cal. 20 835-767 B.C,;
Hart and Asch Sidell 1997:531). The second rind sample
was associated with Early Woodland Meadowood points.
Some of the rind fragments were thicker than 2.0 mm and
thus, using “King's rule,” are domesticated specimens of
Cucurbita pepo (Hart and Asch Sidell 1997:531). The cucur-
bit remains from Memorial Park (both the mid-Holocene
specimens listed above and these late-Holocene speci-
mens) are the only ones that have been directly AMS
dated in Pennsylvania.

Mark A. McConaughy



Table 2-1: Cucurbit (Cururbita pepo) remains from Pennsylvania

AMS Radiocarbon Dated Cucurbit Remains from Pennsylvania

Site AMS/Associated Sample No. Radiocarbon Cal. 20 Range Reference
Charcoal Years (B.P.) (B.C./A.D.)
Memorial Park AMS rind AA-19129 54044552 5467-2928 B.C.  Hart and Asch Sidell 1997:527
36CN164
Memorial Park AMS rind AA-19128 2625+45 903-596 B.C. Hart and Asch Sidell 1997:531
36CN164
Sites with Cucurbit Remains with associated radiocarbon dates
Meadowcroft Assoc. charcoal Sl-1664 3065+80 1499-1057 B.C.  Adovasio and Johnson 1981;
Rockshelter 36 WH297 Adovasio, et al. 1998; Cushman
1982:216
Meadowcroft Assoc. charcoal SI-1668 2820+75 1208-819 B.C. Adovasio and Johnson 1981;
Rockshelter 36 WH297 Adovasio, et al. 1998;
Cushman 1982:216;.
Meadowcroft Assoc. charcoal SI-1665 2815+80 1209-813 B.C. Adovasio and Johnson 1981;
Rockshelter 36 WH297 Adovasio, et al. 1998,
Cushman 1982:216.
Bald Eagle/Salmon Assoc. charcoal UGa-4754 1040485 A.D. 779-1178 Hart and Asch Sidell 1996:26;
36CN102 (and possibly as old Hay and Hamilton 1984;
as 1100 based on King 1999:19
other material
from site)
Smithfield Beach 36MR5 Assoc. charcoal - 89060 A.D. 1027-1252  Fischler and French 1991:160
Ryan 36WM23 charcoal GaK-3729 830+80 George 1974:16-17
Fisher Farm 36CE35 Assoc. charcoal UGa-2276 600+105 A.D. 1030-1285 Hart and Asch Sidell 1996:26;
King 1999:19; Willey 1980:138
Sheep Rockshelter charcoal M-2086, M-1904, five dates A.D. 1285-1634  Berbich 1967; Herbstritt 1988:12
36HU1 M-2084, M-1905, ranging from to
and M-1903 500+100 to A.D. 1449-1953
260+100
Catawissa Str. - Pitt-8 , Pitt-76, Three C14 dates .  A.D. 470-663 Hart and Asch Sidell 1996:25;
111 36CO9 Pitt-11 ranging from to A.D. 658-856  Herbstritt1988:10; King 1999:20
1455445 to
1280+35
Catawissa Str. Pitt-12, Four C14 dates A.D. 891-1148 to Hart and Asch Sidell 1996:25;
IV 36CO9 DIC-3151, ranging from A.D. 1040-1382  Herbstritt1988:10; King 1999:20
Pitt-74 and 1040+45 to
Pitt-77 795+75
Wylie 3 36WH283 charcoal B-33183 to Four C14 dates A.D. 1050-1383  King 1990; George 2001
B-58690 ranging from to A.D. 1281-1420
780+60 to 610+60
Piersol Il (or Pearsall Minguannan - Beta-35799 810+80 and A.D. 1030-1377  From two different Late
in Custer 1996) Late Woodland and Beta-36602 440+70. and Woodland Components,
36CH339 A.D. 1328-1640  Custer 1996:289; Hart and
Cremeens 1991:175; Egan 1991.
Sites with Cucurbits, associated cultural remains
Mayview Bend Early Woodland Beta-96484 12 C14 dates 1419-1005 B.C.  Kellogg et. al. 1998:Table 5;
36AL125 to Beta-96496 ranging from to 383—46 B.C. Raymer and
2990480 to Bonhage-Freund1998:32
2160+70
Billy #3 36WM717 Middle Woodland - - - George 1992:17

Fairchance Phase

Lagenaria siceraria

Sheep Rockshelter
36HU1

charcoal

M-2086, M-1904,
M-2084, M-1905,
and M-1903

five dates ranging
from 500+100
to 260+100

A.D. 1285-1634
to
A.D. 1449-1953

Berbich 1967; Herbstritt 1988:12

Chapter 2 Current Issues in Paleoethnobotanical Research from Pennsylvania and Vicinity
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In addition to the Memorial Park samples, cucurbit
specimens from north central and eastern Pennsylvania
have been recovered from Catawissa, Fisher Farm, Bald
Eagle/Salmon sites, Smithfield Beach, and Sheep
Rockshelter (Table 2-1). The Sheep Rockshelter remains
are somewhat problematic because the site was excavated
in arbitrary levels that crosscut occupational deposits.
Some cucurbit, maize, and bean remains were recovered
from lower levels at the site (Bebrich 1967) and might rep-
resent Late Archaic (ca. 3000-1000 B.C.) through Middle
Woodland (ca. A.D. 1-1000) food debris. They may also
represent downward migration of later remains deposit-
ed in the shelter or culturally mixed materials due to the
excavation techniques employed. These latter scenarios
are considered likely because it is in the uppermost levels
that relatively large concentrations of domesticated crop
remains were recovered (Bebrich 1967). Until botanical
remains from the deeper shelter levels are AMS dated and
shown to be early, it is herein assumed they came from
the various Late Woodland (ca. A.D. 1000-1500) occupa-
tions of Sheep Rockshelter. The sample from Catawissa
Stratum III appears to be the oldest of the non-Sheep
Rockshelter materials. It dates roughly between ca. A.D.
400 and 900 based on associated charcoal dates (King
1999:20). The remaining specimens are largely from Late
Woodland / Late Prehistoric contexts and are from domes-
ticated forms.

Kinsey (1975:17) indicates that squash was recovered
from Late Woodland contexts at the Faucett site in eastern
Pennsylvania. Kinsey cites a 1973 manuscript by Moeller
for this information. Moeller (1975b, 1991, 1992:98, per-
sonal communication 2007) has stated that there is no
squash from Faucett. Kinsey (1972:256) also implies in a
summary statement that maize, bean, and squash were
important at the Kutay site in eastern Pennsylvania. No
evidence for these crops is presented in the body of the
report. Moeller (personal communication 2007) does not
remember seeing anything but a few corn kernels from
Kutay and noted that flotation was not employed to
recover seeds. The author contacted Kinsey to see if there
were any actual evidence for squash at Faucett and for
bean and squash at Kutay. Kinsey (personal communica-
tion 2007) stated that “Kutay is certainly a generalized
statement, based upon an assumption that it was present
but I doubt that we had direct evidence. Probably, the
same applies to Faucett.” Thus, squash is not listed as
present at Faucett and bean and squash are not listed for
Kutay in the accompanying tables.

All cucurbit specimens from western Pennsylvania
have been dated only by associated charcoal samples and
cultural remains (Table 2-1). The earliest of these date to
3065480 B.P. (cal. 20 1499-1057 B.C.), 2820475 B.P. (cal. 20
1208-819 B.C.) and 2815480 B.P. ( cal. 20 1209-813 B.C.) at
Meadowcroft Rockshelter (36WH297) (Adovasio et al.
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1998; Cushman 1982:216). Six cucurbit rind fragments
have also been recovered from Early Woodland contexts
at Mayview Bend (36AL125) (Raymer and Bonhage-
Freund 1998:26). A squash rind fragment was recovered
from the Billy #3 (36WM717), a Middle Woodland
Fairchance Phase (ca. A.D. 50-450) site (George 1992:17).
There are no associated radiocarbon dates with the Billy
#3 sample, but the site is believed to have been occupied
between ca. 100 B.C. and A.D. 400 (George 1992:32).

Bottle gourd seeds (Lagenaria siceraria) were also recov-
ered from Sheep Rock Shelter (Bebrich 1967). The bottle
gourd seeds were recovered from the upper levels of the
shelter and probably were from one or more of the Late
Woodland or Late Prehistoric occupations. However, it
would be beneficial to have some of the Lagenaria from
Sheep Rockshelter Master Level 3 AMS dated because
bottle gourd has been recovered from early contexts else-
where in the United States (e.g., Doran et al. 1990).

It is highly recommended that all cucurbit remains
from pre-Late Woodland /Late Prehistoric contexts (i.e.,
any site reported to be older that ca. A.D. 1000) in
Pennsylvania be directly AMS dated to confirm their
early use. At Meadowcroft Rockshelter, Mayview Bend,
and Catawissa Stratum III, later components are present
that might have contributed these samples and contami-
nated those levels. This does not mean such contamina-
tion occurred, only that direct AMS dates would provide
conclusive evidence for the age of these and any other
domesticates found at sites.

Tobacco

Tobacco (Nicotiana rustica) may be another early cultigen
grown in the region. However, all evidence for its early
use is indirect and based on the presence of smoking
pipes at Cresap Phase sites dating after ca. 500 B.C.
(McConaughy n.d.). Conversely, ethnographic records
from the region indicate the Native Americans smoked
many other plants besides tobacco, and the pipes may
only demonstrate they were using these plants (Rafferty
2002:906). Nevertheless, there is some tantalizing evi-
dence that tobacco was present by the Early Woodland
Period. Nicotine was identified using gas chromatogra-
phy/mass spectroscopy on residue from an Early
Woodland pipe recovered from Cresap Mound (Rafferty
2002). This suggests that tobacco was smoked during the
Early Woodland Period. However, there are a few other
native plants that do contain the alkaloid needed to pro-
duce nicotine residue. Milkweed (Asclepias spp.) and
False Daisy (Eclipta spp.) are two such native plants
(Rafferty 2002:906). Even so, there is no ethnographic
evidence that these plants were smoked by Native
Americans. Tobacco is the only plant smoked by historic
Native Americans that would produce nicotine residue.
Thus, the planting and use of tobacco is likely during the

Mark A. McConaughy



Table 2-2: Tobacco (Nicotiana sp.) remains from Pennsylvania

Site AMS/Associated Sample No.
charcoal

Radiocarbon Years

Cal.2o Reference

Memorial Park Charcoal unassigned feature, site has Hart and Asch Sidell
36CN164 various Clemson Island and 1996:7-26

Stewart Phase occupations

dating from 1190+40

to 420+40.
Brant AMS date on bean Beta-201662 600+40 A.D. 1294—1411 Neusius and Chiarulli
36IN362 2007; Ramsey and

Wymer 2004

Early Woodland Period in Pennsylvania, but not con-
firmed.

The use of smoking pipes continues through the early
Middle Woodland Period when Hopewell platform pipes
are utilized. However, after the demise of Hopewell and
prior to the development of Late Prehistoric groups, there
is little evidence for ceramic or stone pipe use during the
late Middle to early Late Woodland Period (ca. A.D. 400
to 1000) in Pennsylvania. Presumably these peoples did
not abandon smoking, but used more perishable materi-
als, such as wood, for pipes, or rolled leaves of their
smoking mixture into cigar-like forms for use.
Conversely, the number of excavated sites from this time
period is small. It is possible that pipes were used but
simply not recovered due to limited work. Nevertheless,
at this time there is little direct evidence for the use of
smoking materials between ca. A.D. 400 and 1000 in
Pennsylvania. It is not until after approximately A.D. 1000
that various styles of ceramic elbow pipes can be con-
firmed from sites in Pennsylvania.

Actual remains of tobacco are limited to Late
Prehistoric times (Table 2-2). Excavations and extensive
flotation at the Memorial Park and Brant sites yielded a
few tobacco seeds (Hart and Asch Sidell 1996:7-26;
Ramsey and Wymer 2004). Unfortunately, the single
Memorial Park seed came from a feature that did not
yield any diagnostic materials. It could date from either
Clemson Island or Stewart Phase contexts that run from
Late Woodland to Late Prehistoric times in northern
Pennsylvania. The Brant specimens date to ca. A.D. 1200
based on an associated AMS date on a bean and other
samples from the site (Neusius and Chiarulli 2007).

Chenopod

Only three sites from Pennsylvania have produced sam-
ples potentially identified as domesticated Chenopodium
berlandieri (Table 2-3). One thin testa Chenopodium cf.
berlandieri seed was recovered from a Middle Woodland
feature at the Barking Road site from southwestern
Pennsylvania (Long 1992:15-16, Table 8). However, wild

stands of Chenopodium occasionally produce seeds that
cannot be distinguished from domesticated forms (Smith
1992b:149). The sample of one seed from Barking Road
along with others identified only as Chenopodium sp. may
only indicate use of a wild chenopod. Thin testa speci-
mens of Chenopodium berlandieri ssp. jonesianum along
with specimens that resemble the Mexican cultigen huau-
zontle were also recovered from the Memorial Park site
(Hart and Asch Sidell 1996:17). These specimens indicate
domesticated Chenopodium was present in Pennsylvania
by late Middle or early Late Woodland times. The
Chenopodium cf. berlandieri recovered from McJunkin is
associated with the Late Prehistoric Monongahela tradi-
tion (King 1999:17).

One other chenopod seed recovered from the Dunsfort
site may be of domesticated Chenopodium berlandieri. King
(2004:37) lists a Chenopodium ssp. in Table 2-3 from her
report of plant remains from Dunsfort. However, in the
text she identifies it as Chenopodium berlandieri ssp. jone-
sianum (King 2004:38). Unfortunately, the discrepancy
between the table and text comments cannot now be clar-
ified by King. This author is going to err on the side of
caution and conclude that the table identification as
Chenopodium sp. is correct and that King inadvertently
wrote it was the domesticated chenopod.

Specimens of wild Chenopodium are much more com-
mon (Table 2-3) and have been recovered from Early
and/or Middle Woodland contexts at Meadowcroft
Rockshelter (Cushman 1982:214-218); Mayview Depot
(Raymer and Bonhage-Freund 1998), Mayview Bend
(Raymer and Bonhage-Freund 1998); Crawford-Grist Site
#2 (Grantz 1986:17), Barking Road (Long 1992:15-16,
Table 8); and Watson Farm (46HK34, Ericksen and
McConaughy 2002) in the northern panhandle of West
Virginia and western Pennsylvania. Wild Chenopodium
spp. has also been recovered from Early to Middle
Woodland contexts in north central and eastern
Pennsylvania at Bloomsburg Bridge, Catawissa Stratum
111, and Smithfield Beach. However, most of the chenopod
remains from north central and eastern Pennsylvania
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Table 2-3: Specimens of chenopod (Chenopodium spp.) from Pennsylvania and the northern West Virginia panhandle.

Scientific Common Site Dated Lab Radiocarbon Cal. 20 Range  Source
binomial Name Material Number Age (B.P.) (B.C/A.D.)
Chenopodium Domesticated = Barking Road Charcoal 5 dates ranging 16 B.C.— Long 19928,
berlandieri Chenopodium  36AL313 from 183090 A.D. 407 to 15-16, Table 8;
to 1500+60 A.D. 431-647 Kingsley et. al.
1994:14-42
Chenopodium Domesticated = Memorial Park  Charcoal Pitt-1073, pooled mean A.D.778-967 Hart and Asch
berlandieri Chenopodium  36CN164 Pitt-1075, of 4 dates Sidell 1996:7-17
Beta-46542, 1161+27
Beta 46545
Chenopodium Domesticated =~ McJunkin Site  Charcoal UGa-1525 660+95 A.D. 1186-1440 King 1999:17;
berlandieri Chenopodium  36AL17 UGa-1524 570+65 A.D. 1290-1438 Herbstritt 1988:5
Chenopodium sp. Chenopod Mayview Depot Charcoal Beta-92731 3030+80 1445-1029 B.C. Raymer and 1-D;
36AL124 Bonhage-Freund
1998:13, Apendix
Kellogg et. al.
1998:Table 2
Chenopodium sp. Chenopod Meadowcroft Charcoal S1-2066 2930+75 1375-928 B.C. Cushman
Rockshelter 1982:214-218
36WH297
Chenopodium sp. Chenopod Mayview Bend  Charcoal Beta-96484 12 C14 dates 1419-1005 B.C. Raymer and
36WH125 to Beta-96496  ranging from to 383-46 B.C. Bonhage-Freund
2990+80 to 1998:32,
2160+70 Appendix D:
Kellogg et. al.
1998:Table 5
Chenopodium sp. Chenopod Mayview Depot Charcoal Beta-92731 244060 761-403 B.C. Raymer and
36AL124 Bonhage-Freund
1998:13,Apendix
1-D; Kellogg et. al.
1998:Table 2
Chenopodium sp. Chenopod Crawford-Grist  Charcoal DIC-3105 two C14 dates 756-401 B.C.. Grantz
Site #2 and ranging from to 808-97 B.C  1986:17-18
36FA262 DIC-3061A 2430+55. to
2370+150
Chenopodium sp. Chenopod Bloomsburg from un- Beta-24487 to  2380+60. 756-373 B.C. Hay 1989; Wyatt
Bridge dated features Beta-24496 to 213060 to 2003:39-40
(36C0O10) two cultural and and 364-3 B.C.
components Beta 25370 1480+70 and A.D.
dated by 3 428-660
radiocarbon
dates
Chenopodium sp. Chenopod Meadowcroft Charcoal SI-2051 229090 749-106 B.C. Cushman
Rockshelter 1982:214-218
36WH297
Chenopodium sp. Chenopod Barking Road Charcoal 5 dates 16 B.C. - Kingsley et. al.
36AL313 ranging from A.D. 407 to 1994:14-42;
1830490 to A.D. 431-647 Long 1992:8,
1500460 15-16,
Chenopodium sp. Chenopod Smithfield Associated estimated to Fischler and
Beach 36MR5  “Terminal” date between French
Middle 1850 and 1050 1991:150-151
Woodland
artifacts
Chenopodium sp. Chenopod Dunsfort Charcoal B-55772 1420+70 A.D. 435-769 George 2004c:25,
36WH477 King 2004:37
Chenopodium sp. Chenopod Catawissa Str. ~ ? Pitt-8 , three C14 A.D. 470-663 Herbstritt1988:10;
111 36CO9 Pitt-76, dates ranging to King 1999:20
Pitt-11 from 1455+45 A.D. 658-856
to 1280+35
continues
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Table 2-3: Specimens of chenopod (Chenopodium spp.) from Pennsylvania and the northern West Virginia panhandle. Continued

Scientific Common Site Dated Lab Radiocarbon Cal. 20 Range  Source
binomial Name Material Number Age (B.P.) (B.C/A.D.)
Chenopodium sp. Chenopod Watson Farm Middle/Late Ericksen and
46HK34 Woodland McConaughy 2002
c. 1450 B.P.
(A.D. 500)
Chenopodium sp. Chenopod Catawissa ? Pitt-12, four C14 A.D. 470-663 Herbstritt1988:
Str. IV 36C0O9 DIC-3151, dates ranging to 10; King 1999:20
Pitt-74 and from A.D. 658-856
Pitt-77 1040+45. to
795+75
Chenopodium sp. Chenopod West Water Associated Beta-53663 850+60 A.D. 1040-1271 Custer et al.
Street charcoal 1994:14-23; Hart
36CN175 and Asch Sidell
1996:25
Chenopodium sp. Chenopod Brant AMS date Beta-201662 600+40 A.D. 1294-1411 Neusius,and
36IN362 on bean Chiarulli 2007;
Ramsey and
Wymer 2004
Chenopodium sp. Chenopod Fisher Farm Charcoal UGa-2276 600+105 A.D. 1212-1616 Hart and Asch
36CE35 Sidell 1996:25;
King 1999:19;
Willey 1980:138
Chenopodium sp. Chenopod Faucett Charcoal Y-2474 640+120 A.D. 1050-1613 Custer 1996:296;
36PI13A and Y2473 540+100 A.D. 1270-1630 Moeller 1975a,

1975b, 1991, 1992

come from Late Woodland to Late Prehistoric levels at
Catawissa Stratum IV, West Water Street, Fisher Farm,
and Faucett. These data suggest that wild chenopods
were an important food resource used by the Woodland
inhabitants of the region and propagation of wild
chenopods may have been encouraged by them.

Polygonum erectum and Polygonum spp.

The Dunsfort site was an important late Middle to early
Late Woodland black walnut processing station (George
2004¢; King 2004:35). However, it also produced some of
the best evidence for the early use of Eastern Agricultural
Complex plants from western Pennsylvania. King
(1999:14; 2004) indicates that 60% of the seeds from the
Dunsfort site in southwestern Pennsylvania were Eastern
Agricultural Complex remains. Erect knotweed
(Polygonum erectum) was recovered from four of seven
features whose ethnobotanical remains were analyzed
(King 2004:37) (Table 2-4).

King (2004:38) considered the erect knotweed from
Dunsfort to be a quasi-cultigen. Historic specimens of
Polygonum erectum were found across the region based on
USDA Natural Resources Conservation Service range
maps found at: http://plants.usda.gov/java/profile?
symbol=POER2. Thus, erect knotweed cannot be
assumed to be a fully domesticated plant when recovered
from local archaeological contexts without evidence of
increased seed sizes or some other traits not found in wild
specimens.

Examples of wild knotweed or smartweed (identified
only as Polygonum spp.) have been recovered from Early
and Middle Woodland contexts at six western
Pennsylvania sites (Table 2-4). Polygonum spp. has also
been recovered from Late Woodland levels at one central
and one eastern Pennsylvania site (Table 2-4). These data
suggest that Polygonum was an important supplement to
the diets of Pennsylvania groups during Woodland times,
even if it was not domesticated.

Little Barley

Little barley (Hordeum pusillum) is increasingly being rec-
ognized as an important starchy seed utilized by prehis-
toric groups across the Midwest (King 1999:12). King
(2004:38) considers it an important quasi-cultigen.
Historic samples of little barley were recovered only from
Bedford (southern) and Bucks (southeastern) counties in
Pennsylvania according to USDA Natural Resources
Conservation Service range maps found at:
http:/ / plants.usda.gov/java/ profile?symbol=HOPU.
Thus, it is not a widely distributed wild plant and should
be considered a potential prehistoric cultigen in
Pennsylvania.

Little barley has been recovered from late Middle to
early Late Woodland contexts at Watson Farm, from the
northern panhandle of West Virginia, and stratum III at
Catawissa in north central Pennsylvania (Table 2-5). Little
barley has also been recovered from Late Woodland con-
texts at Memorial Park, where it was the most abundant
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Table 2-4: Polygonum erectum and Polygonum spp. from Pennsylvania

Scientific Common Site Dated Lab Radiocarbon Cal. 20 Range Source
binomial Name Material Number Age (B.P.) (B.C./A.D.)
Polygonum Erect Dunsfort Charcoal Beta-55772 1420+70 AD. 435-769  George 2004c:25,
erectum Knotweed 36WH477 King 2004:37
Polygonum sp. Knotweed Mayview Charcoal Beta-92731 3030+80 1448-1029 B.C. Kellogg et. al.
Depot 1998:Table 2;
36AL124 Raymer and
Bonhage-Freund
1998:13,
Apendix 1-D
Polygonum sp. Knotweed Meadowcroft ~ Charcoal SI-2066 2930+75 1375928 B.C. Adovasio, et al.,
Rockshelter 1998; Cushman
36WH297 1982:217
Polygonum sp. Knotweed 36WM610 Charcoal DIC-3020 4 C14 dates 1374-1013 B.C. Ballweber
to DIC-3024 ranging from to 753-264 B.C. 1989:89-90
2960455 to
2370455
Polygonum sp. Knotweed Barking Road  Charcoal 5 dates 16 B.C. Kingsley et. al.
36AL313 ranging from —A.D. 407 to 1994:14-42;
183090 to AD. 413-647  Long 1992:8,
1500+60 15-16, Table 8;
Polygonum sp. Knotweed Backstrum Charcoal DIC-3028 1490+60 A.D. 432-651 Ballweber 1989:68
#1 36WM453 DIC-3059 1260+50 A.D.665-878 —70; George
1992:29, 32
Polygonum sp. Knotweed Mayview Charcoal Pooled dates, 1250+44 A.D.672-878  Kellogg et. al.
Bend Beta-96537 1998:Table 5;
36AL125 and Raymer and
Beta-96538 Bonhage-Freund
1998:32,
Apendix D;
Polygonum sp. Knotweed Faucett Charcoal Y-2474 640+120 A.D. 1050-1613 Custer 1996:296;
and 36PI13A Y2473 5404100 A.D.571-1630 Kinsey 1975: 17;
Smartweed Moeller 1975a,
1975b, 1991,
1992
Polygonum sp. Knotweed Fisher Farm Charcoal UGa-2276 600+105 A.D. 1212-1616 King 1999:19;
36CE35 Willey 1980:138

seed recovered (n=336, Hart and Asch Sidell 1996:15), and
in stratum IV from Catawissa (Table 2-5).

Little barley may also have been recovered from late
Middle to early Late Woodland contexts at the Dunsfort
site from southwestern Pennsylvania. King (2004:38) indi-
cates it was recovered in the text portion of the Dunsfort
report, but it is not listed in her table 3 compendium of
plant remains (King 2004:37). King probably was just list-
ing things out of habit that were commonly found at sites
she was analyzing. Unfortunately, King apparently did
not get the chance to review her draft report for Dunsfort
prior to her death and did not catch this error prior to its
submission for publication. Conversely, King (1999:14)
clearly states that “no remains of squash, little barley, or
sunflower were recovered from the Dunsfort site”
(emphasis added). Based on this quote, the author
believes the claim of little barley in the text from the
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Dunsfort report is erroneous. Thus, it is not listed with the
other sites in Table 2-5.

Current data from Pennsylvania sites do not support
the widespread use of this plant during the Middle and
Late Woodland periods. Nevertheless, it was exploited by
some of these inhabitants and it may prove to be a more
important potential domesticate in the state as more sites
have flotation samples analyzed.

Maygrass

Maygrass (Phalaris caroliniana) is another Eastern
Agriculture quasi-cultigen that appears at Pennsylvania
sites dating to the Early to early Late Woodland periods.
However, this starchy seed plant is not a commonly
recovered plant in Pennsylvania and is reported from
only three sites (Table 2-6). The United States Department
of Agriculture does not list any historic specimens of
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Table 2-5: Specimens of little barley (Hordeum pusillum) recovered from Pennsylvania sites

Site Material Lab Radiocarbon Cal. 20 Range Source
Dated Number Age (B.P.) (A.D.)
Catawissa Str. lll Charcoal? Pitt-8, Pitt-76, Three dates ranging 470-663 Hart and Asch Sidell 1996:25;
36C09 Pitt-11 from 1455445 to to 658—-856 Herbstritt1988:10; King 1999:20
1280435

Watson Farm Middle/Late Woodland Ericksen and McConaughy
46HK34 c. 1450 2002.
Catawissa Str. IV Charcoal Pitt-12, Four dates ranging 891-1148 Hart and Asch Sidell 1996:25;
36C09 DIC-3151, from 104045 to to 1040-1368 Herbstritt1988:10;

Pitt-74 and 795+75 King 1999:20

Pitt-77
Memorial Park Charcoal Pitt-1073, , Pooled mean of 4 778-967 Hart and Asch Sidell 1996:7-17
36CN164 Pitt-1075, dates 116127

Beta-46542 (also in later samples

Beta 46545 from site)

Table 2-6: Maygrass (Phalaris caroliniana) remains from Pennsylvania
Site Material Lab Radiocarbon Cal. 20 Range Source
Dated Number Age (B.P.) (B.C/A.D.)
Mayview Depot Charcoal Beta-92731 4 C14 dates ranging 1448-1029 B.C. Kellogg et. al. 1998:Table 2;
36AL124 to Beta-92733 from 303080 to to A.D. 178-610 Raymer and Bonhage-Freund
1640+90 1998:13, Apendix 1-D
Mayview Bend Charcoal Beta-96496 2160+70 382-46 B.C. Kellogg et. al. 1998:Table 5;
36AL125 Raymer and Bonhage-Freund
1998:32, Apendix D

Dunsfort 36WH477  Charcoal B-55772 1420+70 A.D. 435-769 George 2004c¢:25, King 2004:37

Table 2-7: Remains of marshelder (Iva annua) from Pennsylvania and the northern panhandle of West Virginia

Site Material Lab Radiocarbon Cal. 20 Range Source

Dated Number Age (B.P) (B.C/A.D.)
Dunsfort Charcoal B-55772 1420+70 A.D. 435-769 George 2004c:25, King 2004:37
36WH477
Watson Farm Middle/Late Woodland Ericksen and McConaughy 2002
36WH477 ca. A.D. 500

maygrass from Pennsylvania or West Virginia at:
http:/ / plants.usda.gov/java/nameSearch. Thus, it is
presumed any maygrass remains recovered in
Pennsylvania are outside of their normal range and prob-
ably represent a plant propagated by local inhabitants.

Tva annua

Marshelder or sumpweed (Iva annua) is not commonly
found on sites from the region. However, two late Middle
to early Late Woodland sites have produced small sam-
ples of this species (Table 2-7). A total of five seeds were
recovered from one feature at the Dunsfort site from
southwestern Pennsylvania (King 2004:37). A single seed
was recovered from each of two features (2 seeds total)
from the Watson Farm site in the northern panhandle of
West Virginia (Ericksen and McConaughy 2002).

Historic examples of wild Iva annua from the region are

rare. Iva annua is listed as being found only in Blair
County in central Pennsylvania on USDA Natural
Resources Conservation Service range maps found at:
http:/ / plants.usda.gov/java/ profile?symbol= IVAN?2.
This suggests specimens recovered from archaeological
sites from the northern panhandle of West Virginia and
Pennsylvania represent examples found largely outside
of the normal range for the wild species. Also, the five
seeds from Dunsfort are larger than modern wild speci-
mens (King 2004:38). Thus, the Iva annua from the region
likely represents a cultivated species, although not one
that was commonly exploited in the region.

Sunflower

Sunflower (Helianthus annuus) apparently is the latest
native cultigen to appear in Pennsylvania and vicinity
(Table 2-8). There is no direct evidence from the area for
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Table 2-8: Sites producing sunflower (Helianthus annuus) remains from Pennsylvania

Site Material Lab Radiocarbon Cal. 20 Range Source
Dated Number Age (B.P.) (A.D.)
Memorial Park Assoc. C14 Beta-46542 1140+60 772-1018 Hart and Asch Sidell 1996:7, 26
36CN164 Beta-46548 1020450 895-1155
Railroad site Assoc. C14 20 dates? 1150450 724-994 Means 2002:287—293
36S0113 510450 1305-1463
Pony Farm Triangle  Assoc. C14 B97737 77060 1054-1386 Means 2002:288-292
East 3650243
Jonas Field Assoc. C14 B85305, Four dates ranging 1189-1283 to Means 2002:288-294
3650241 B113955, from 780+60.to 1287-1428
B85304 and 590+60
B101492
Gnagey No. 3 Assoc. AMS AA53306, Five dates ranging 1228-1386 Means 2002:292; 2005:55
36S055 date on AA53307, from 713+34t0 to
bean and 4 AA53308, 202+33 1644-1952
AMS dates AA53310 and
on maize AA53311
McJunkin Site Assoc. C14 UGa-1525 660+95 1186-1440 King 1999:14-16;
36AL17 Uga-1524 570+65 1290-1438 George 1978
Fisher Farm Assoc. C14 UGa-2276 600+105 1212-1616 Hart and Asch Sidell 1996:25;
36CE35 King 1999:19; Willey 1980:137
Sony Site protohistoric village Davis and Wilks 1997; King
36WM151 ca. 450 B.P 1999:14-16
Sheep Rockshelter  charcoal M-2086, five dates ranging 1285-1634 Berbich 1967; Herbstritt 1988:12
M-1904, from 500+100 to 1449-1953
M-2084, to 260+100
M-1905,
and M-1903

the use of domesticated sunflower prior to the late Late
Woodland Period. However, there is a sample of four
composite seeds from Middle Woodland contexts at
Fairchance mound and village in the northern panhandle
of West Virginia that may be from a wild form of sun-
flower (Cutler and Blake 1984:66).

The earliest domesticated sunflower from
Pennsylvania was recovered from the Memorial Park site
in northeastern Pennsylvania in a Clemson Island feature
dated to ca. A.D. 810 (Hart and Asch Sidell 1996; King
1999:19) (Table 2-8). This date suggests it was used during
the Late Woodland period in Pennsylvania.

Sunflower also appears on several Monongahela sites
during the Late Prehistoric Period from western
Pennsylvania (Table 2-8). Sunflower has been recovered
from the Pony Farm Triangle East, Railroad, Jonas Field,
Gnagey No. 3, McJunkin, and Sony sites (King
1999:14-16; Means 2002:292-294). Special note should be
made of the dates listed for Gnagey No. 3 in Table 2-7. The
two occupations at Gnagey No. 3 were originally dated
using charcoal samples to between radiocarbon A.D. 920
and 1030 and A.D. 1085 and 1190 by George (1983).
Redating of the components using AMS assays on maize
and one bean indicate the original dates were too old. The
older Gnagey No. 3 village dates to the thirteenth centu-
ry A.D., while the younger dates to the fourteenth centu-
ry A.D. (Means 2002:292; 2005). Sunflower has also been
recovered from Late Woodland to Late Prehistoric con-
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texts at Fisher Farm and Sheep Rockshelter in central
Pennsylvania. None of the sunflower remains were
directly AMS dated. In any case, it appears that sunflower
is a relatively late addition to the crops grown by the pre-
historic inhabitants of Pennsylvania.

Maize

The actual date when maize horticulture was introduced
into Pennsylvania is still not adequately determined.
Currently, the oldest direct AMS radiocarbon dates on
maize from the eastern United States are 2077+70 B.P. (cal.
20 355 B.C. —A.D. 69) and 2017450 B.P. (cal. 20 166 B.C.
—-A.D. 75) from the Holding Site in Illinois (Riley et al.
1994:493-494). There also are direct AMS radiocarbon
dates on maize of 1775+100 B.P. (cal. 20 A.D. 25-532) from
Icehouse Bottom, Tennessee (Chapman and Crites 1997)
and 1730485 B.P. (cal. 20 A.D. 89-534) and 1720+105 B.P.
(cal. 20 A.D. 78-547) from the Edward Harness site, Ohio
(Ford 1987; Riley et al. 1994:495). These dates show that it
is at least possible for maize horticulture to have been
introduced into Pennsylvania by Middle Woodland or
early Late Woodland times.

A maize cob fragment was recovered from Early
Woodland Cresap Phase contexts at Meadowcroft
Rockshelter in western Pennsylvania (Table 2-9). The cob
fragment was identified as 16 row popcorn by Cutler and
Blake (Cushman 1982:216). The maize was dated by asso-
ciated charcoal assays to 2325+75 B.P. (cal. 20 751-198
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B.C.) and 2290+90 B.P. (cal. 20 749-106 B.C.) (Cushman
1982:216). These dates would make it the oldest macroflo-
ral maize recovered from the Eastern United States if
accepted at face value. However, there are examples of
maize from apparently undisturbed “early” contexts that
have been directly AMS radiocarbon dated to much later
periods (Conard et al. 1984). The midwestern examples
demonstrate that maize, seeds, and other plant remains
can migrate into older contexts through undetected bio-
turbation. The associated Meadowcroft charcoal dates
should not be uncritically accepted as dating the maize.
The Meadowcroft assays adequately date the associated
Cresap phase lithic and ceramic remains, but may not
accurately date the maize. The early maize from
Meadowcroft must be AMS dated to confirm the associat-
ed dates actually are applicable to the cob. Otherwise, it
should be considered to be a later contaminant until
proven to be early.

Nevertheless, it is interesting that the alleged early
Meadowcroft maize was from a 16 row popcorn and not
from 8 row Northern Flint. Northern Flint is the most
common form of maize recovered from Late Prehistoric
sites in the region (Kraft 2001:280). Microfloral remains
also suggest that maize may have been present in the
eastern United States long before the dated macrofloral
maize remains indicate. Maize pollen from Lake Shelby,
Alabama, has been dated by associated radiocarbon dates
on bulk organic materials to ca. 3500 B.P,, from Ft. Center,
Florida, to ca. 2500 B.P. from B. L. Bigbee Lake,
Mississippi, to ca. 2400 B.P. and from Dismal Swamp,
Virginia to ca. 2200 B.P. (Fearn and Liu 1995:111). These
dates suggest that maize may have entered the eastern
United States during the Late Archaic or Early Woodland
Periods. However, these samples are also open to the
same criticisms as macrofloral maize remains. The radio-
carbon dates were not run on the actual maize pollen to
confirm the age of the remains. Unfortunately, it is unlike-
ly the pollen samples are of sufficient size for even AMS
dates to be run on them. It is possible that the pollen
migrated down the columns at the respective sites
through various methods including bioturbation and
water action.

More recently, Hart et al. (2003, 2007), Hart and
Brumbach (2005), and Thompson et al. (2004) have
examined charred residues found in samples of pottery
from New York for phytolith evidence that could be
used to interpret what was cooked in the pots. These
studies have found phytoliths consistent with those pro-
duce by maize on ceramics dating to the Early
Woodland period. The oldest sample is from a Sherd
recovered from the Vinette site, New York that dated to
2270435 B.P. (cal. 20 399-208 B.C.; Hart et al. 2007:Table
2-1 and 2-6). It is as old as the associated dates for the
maize from Meadowcroft.

There are other possible early maize remains from
western Pennsylvania dated by associated charcoal
remains. A single maize kernel was recovered from the
Early Woodland Thorpe site, and a radiocarbon date from
the site was 1900+60 B.P. (cal. 20 38 B.C.—A.D. 242; AD.
50; King 1998:20, George 1998:21). Two maize cupules
were identified in flotation samples from Feature 1 at
Backstrum #1 (36WM453) and radiocarbon dates
obtained from other areas at Backstrum #1 were 1490+60
B.P. (cal. 20 A.D. 432-651) and 1260+50 B.P. (cal. 20 A.D.
665-878; George 1992:29, 32). In addition, three maize
cupules were recovered from early Late Woodland
Watson features at the Watson Farm site (Ericksen and
McConaughy 2002). The associated Watson remains
should date to ca. 1450 B.P. (A.D. 500). However, there is
at least one, and possibly several, Late Prehistoric occu-
pations at Watson Farm located in a different area than
Watson component (McConaughy 2000, 2002).
Nevertheless, Late Prehistoric inhabitants may have
grown maize where the Watson component was located.
Maize has also been reported from pre-ca. 1100 B.P. con-
texts, based on associated charcoal dates, in north central
Pennsylvania at Fisher Farm (Willey 1980:137; King
1999:19; Hart and Asch Sidell 1996:24) and Catawissa
stratum III (King 1999:20). It is recommended that all of
these maize samples be considered later contaminants
until the maize samples are directly AMS assayed to con-
firm the early dates ascribed to them.

There is one other indirect piece of evidence that sug-
gests maize may have been present in the region by
Middle Woodland times. Burial 14 from the Middle
Woodland Fairchance Mound had a 813C of -12.7% sug-
gesting her diet might have been composed of at least
50% C4 pathway plants (Hemmings 1984:18). It suggests
she was eating maize because maize is the only C4 path-
way plant likely to have been eaten in the eastern United
States. If the 81°C measurement for Burial 14 was correct,
and Hemmings does recommend it be reexamined, then
only one individual from the mound produced elevated
813C levels. It would indicate societal members had dif-
ferential access to maize at Fairchance. Burial 14 was one
of the central burials in Fairchance Mound, and along
with its differential access to maize, suggests that signifi-
cant status differences existed within the Fairchance pop-
ulation. However, there are other possible explanations
for the elevated 8'3C level. High concentrations of marine
shellfish in the early diet of an individual can also pro-
duce elevated 3'3C levels. There was an extensive trade in
whelks and other marine materials around the eastern
United States during Hopewell times. It is possible that
the female in Burial 14 was not originally from the West
Virginia area. A coastal woman may have married one of
the Hopewellian traders and returned to West Virginia to
live. Reanalysis of these remains using recently devel-
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Table 2-9: Maize (Zea mays ssp. mays) remains from Pennsylvania and vicinity.

AMS or other directly assayed maize radiocarbon dates from Pennsylvania

Site Material Sample Radiocarbon Cal. 2 o Sigma Reference
No. Age (B.P) Range (B.C./A.D.)
Memorial Park Maize cupule AA-19127 985+45 A.D. 979-1162 Hart and Asch Sidell 1996:7-9
36CN164
Campbell Farm Maize AA-40133 794+38 A.D. 1175-1279 Hart et al. 2002:381
36FA26
Gnagey No. 3, Maize kernel AA53310 692+46 A.D. 1228-1395 Means 2005:55
Village 1
36S055
Saddle 46MR95 Maize AA-38458 605+34 A.D. 1296-1407 Hart et al. 2002:381
Gnagey No. 3, Maize kernel AA53311 590450 A.D. 12911422 Means 2005:55
Village 2
36S055
Drew 36AL62 Maize M-2198 590+100 A.D. 1219-1610 Buker 2004:23
Memorial Park Maize cupule AA-19126 429+40 A.D. 1414-1625 Hart and Asch Sidell 1996:7—11
36CN164
Peck No. 2-2 Maize cob AA53309 364+44 A.D. 1448-1635 Means 2005:55
36S08
Gnagey No. 3, Maize cob AA53308 246+33 A.D. 15652-1951 Means 2005:55
Village 2
36S055
Gnagey No. 3, Maize cob AA53307 202+33 A.D. 1664-1952 Means 2005:55
Village 2 36S055
Sites with Maize, dated components associated with maize remains
Meadowcroft Charcoal SI-1634 2325+75 to 751-198 B.C. Adovaiso and Johnson 1981;
Rockshelter SI-2051 2290+90 749-106 B.C. Cushman 1982:216;
36WH297 Herbstritt 1988:21
Thorpe site 36AL335 Charcoal Beta-33947 1900460 38 B.C.—A.D. 242 King 1998:20; George 1998:21
Backstrum #1 Charcoal DIC-3028 149060 A.D. 432-651 Ballweber 1989:68-70
36WM453 DIC-3059 1260450 A.D. 665-878 George 1992:29, 32:
Catawissa Str. Il Charcoal Pitt-8 , Three dates A.D. 470-663 Herbstritt1988:10; King 1999:20
36C09 Pitt-76, Pitt-11 ranging from A.D. 658-856
1455145 1280435
Fisher Farm 36CE35 Charcoal UGa-2683 1245+70 A.D. 655-960 Hart and Asch Sidell 1996:24;
King 1999:19; Willey 1980:137
St. Anthony 36UN11  Charcoal Beta-22696 to 15 dates on Late A.D. 676-1024 Hart and Asch Sidell 1996:25;
Beta-22866 Woodland Com- to A.D. 1228-1418 Herbstritt 1988:19; Stewart 1988
ponents ranging from
1150490 to 660+70
Murphy's Old House Charcoal Beta-78747 1080+70 A.D. 775-1151 George 2005:23
36AR129
Bald Eagle/Salmon  Charcoal UGa-4754 1040+85 (and AD, 779-1178 Hart and Asch Sidell 1996:25-26;
36CN102 possibly as old Hay and Hamilton 1984;
as 1100 based King 1999:19
on other material
from site)
Catawissa Str. IV Charcoal Pitt-12, Four dates ranging ~ A.D. 891-1148 Herbstritt1988:10; King 1999:20
36C09 DIC-3151, from 1040+45 to to 1040-1381
Pitt-74 and Pitt-77  795+75
Ryan 36WM23 Charcoal 1-16727, Five dates ranging A.D. 894-1218 Cutler and Blake 1973:60;
GakK-3729, from 980+80 George 1974:16—17, 2004b:68
1-16713, to 600+?
B-20777,
B-142812
West Water Street Charcoal Beta-53663 850460 A.D. 10401271 Custer et al. 1996:14-23
36CN175
Coverts Crossing Charcoal Beta-142247 840+50 A.D. 1044—1274 MacDonald and Cremeens

36LR75

2002:24
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Table 2-9: Maize (Zea mays ssp. mays) remains from Pennsylvania and vicinity. Continued

Sites with Maize, dated components associated with maize remains,

Site Material Sample Radiocarbon Cal. 2 o Sigma Reference
No. Age (B.P) Range (B.C./A.D.)
Wylie 3 36WH283 Charcoal B-33183 Four dates ranging  A.D. 1050-1383 George 2001; King 1990
to B-58690 from 780+60 to to A.D. 1281-1420
610+60
Wylie 1 36WH274 Charcoal UGa-1912 710+85 A.D. 1157-1418 Eisert 1981:27, 58
Faucett 36PI13A Charcoal Y-2474 Y2473 640+120 A.D. 1050-1613 Custer 1996:296;
540+100 A.D. 1270-1630 Kinsey 1975:17; Moeller 1975a,
1975b, 1991, 1992
Wilkinson Site Bone collagen 1-6713 640+80 A.D. 1229-1434 George 2004a:61
36WM344
Nace 36LA36 Charcoal OWU-144B, five dates ranging A.D. 1030-1634 Custer 1996:274-278
OWU-143E, from 640+165 to to A.D. 1437-1956
OWU-142A, 230+175
OWU-144A, and
OWU-143d
McKees Rocks Charcoal M-2201 620+100 A.D. 1209-1468 Buker 1968:9; Jones 1968;
Village 36AL16 Herbstritt 1988:5
Brant 36IN362 AMS on?? Beta-201662 600+40 A.D. 1294—1411 Ramsey and Wymer 2004;
Neusius and Chiarulli 2007
Fisher Farm 36CE35 Charcoal UGa-2276 600+105 A.D. 1212-1616 King 1999:19; Willey 1980:137
Portman Site Assoc charcoal 560+50 A.D. 1298-1437 Buker 1993:43-45
36AL40 530+90 A.D. 1277-1624
Kutay 36P125 Assoc charcoal Y-2338 550+80 A.D. 1276-1484 Herbstritt 1988:17;
Moeller per. com.;
Murry Site 36LA183  charcoal Y-2480 540+100 A.D. 1270-1630 Kinsey and Graybill 1971:11, 39
Sheep Rockshelter charcoal M-2086, five dates ranging A.D. 1285-1634 Berbich 1967; Herbstritt 1988:12
36HU1 M-1904, from 500+100 to A.D. 1449-1953
M-2084, to 260+100
M-1905,
and M-1903
Quaker Hills Quarry charcoal Late Shenks Ferry, McKnight 2006
36LA1100 series of dates circa
450-400
Coverts Bridge charcoal Beta-143915 380450 A.D. 1441-1635 MacDonald and Cremeens

36LR228

2002:35-36

Sites with maize dated by associated component

Watson Farm
46HK34

Winter Knuckles
36WM432

Piersol Il (or Pearsall

in Custer 1996)
36CH339
Smithfield Beach

36MR5

Associated artifacts

and dates from
nearby sites

Middle/Late
Woodland c. 1450

Probably Monongahela,

ca. 950-450

Minguannan-Late
Woodland ca. 800
Appears between

700 and 6007

Ericksen and McConaughy 2002,
believed to be a Late Prehistoric
contaminant

George 1996:65

Custer 1996:289; Egan 1991;
Hart and Cremeens 1991:106

Fischler and French 1991:161

oped techniques could show whether the elevated §'3C
levels was due to maize or marine protein ingestion. It
might also show that the original §!3C measurement was
simply erroneous. Nevertheless, Burial 14 from Fairc-
hance Mound is an intriguing individual.

The evidence for early maize use in western
Pennsylvania is equivocal. Nevertheless, it is still likely
that maize was introduced to the area by at least the Late

Woodland Period, based on the directly AMS dated
Middle Woodland maize specimens from the Midwest.
Also, Late Prehistoric Monongahela villages from west-
ern Pennsylvania dating after ca. A.D. 900 to 1000 have all
produced maize remains (King 1999:15-16). AMS dates
directly obtained on maize samples from Somerset
Plateau Monongahela sites by Means (2002, 2005) indicate
it was present there during the Late Prehistoric period
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(Table 2-9). Studies of 8!3C in burials from Monongahela
populations have confirmed that they have highly elevat-
ed levels indicating maize formed from 50% to over 70%
of their diets (Farrow 1986; Greenlee 2006; Sciulli 1995;
Scuilli and Carlisle 1975).

Greenlee (2006) also studied Late Woodland (ca. A.D.
400-1000) burials from the Ohio Valley and found there
was a distinct jump in 813C levels around A.D. 900. Only
after that date did she find any evidence for extensive use
of maize by the inhabitants of the region. These data sug-
gest that maize may have been present in small quantities
prior to ca. A.D. 900, but was not a major constituent of
the local diet until after that date. However, none of the
AMS dated maize samples from the Ohio Valley in west-
ern Pennsylvania (Table 2-9) are as old as the elevated
813C level data presented by Greenlee. There are two
ways to interpret this fact. One way is to concede that the
earliest maize from the region has not yet been AMS
dated. The other is to question the dates associated with
the human remains. The dating for most of the burials is
based on associated charcoal samples, and suffers from
the same problems as charcoal dates associated with actu-
al maize remains. In other words, the associated radiocar-
bon samples may or may not accurately date the human
remains, and the time when maize became an important
dietary staple was later than ca. A.D. 900. The first option
is the preferred explanation herein, but the second option
cannot be totally ruled out.

Maize was also commonly recovered from Clemson
Island and other Late Woodland to Late Prehistoric sites
in central and eastern Pennsylvania (Table 2-9). It is rela-
tively abundant and was an important staple for these
groups.

Beans

Common bean (Phaseolus vulgaris) appears rather late in
the archaeological record from Pennsylvania. Some of the
earliest directly AMS dated beans come from the Gnagey
No. 3 site in western Pennsylvania (Table 2-10). However,
the beans recovered from the Gnagey No. 3 site have been
stated to be even older in some publications based on
associated calibrated radiocarbon dates of A.D.
920-1190+80 years (Blake and Cutler 1983:85, Table 2)
[Note: uncorrected date was not published with this
information]. Blake and Cutler (1983:84) also cited a cali-
brated date of A.D. 1020+80 for beans from Feature 13D at
Gnagey No. 3. George (1983:23) does not list a calibrated
date of A.D. 1020480 years from Feature 13 in his report of
the Gnagey excavations, but there is a calibrated date of
A.D. 1030480 years from Feature 151 (George 1983:9).
There also are calibrated dates for the earliest two
Monongahela village components that range from A.D.
920480 years to A.D. 1190165 years (George 1983:5). It is
suspected that the A.D. 920 to 1190 range of dates cited by
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Blake and Cutler as the appropriate age range for the
beans from Gnagey No. 3 are based on these latter assays.
Nevertheless, more recent AMS assays run on beans from
Gnagey No. 3 demonstrate beans are much later in age
than the cited associated dates. Hart and Scarry (1999:656;
also see Means 2002:286) provide AMS dates on a bean
from Feature 13D of 635+45 B.P. (cal. 20 A.D. 1282-1407)
and on a bean from Feature 30 of 610455 B.P. (cal. 20 A.D.
1284-1416). Means (2005) also ran an AMS date on a bean
from Gnagey that was 70334 B.P. (cal. 20 A.D.
1228-1386). Thus, it appears that beans did not appear at
Gnagey until ca. cal. A.D. 1300.

There also are directly AMS dated bean remains from
the Fleming (36IN26) and Saddle (46MR95) sites. The
Fleming site bean was dated to 720+40 B.P. (cal. 20 A.D.
1221-1386, Beta-204023; Chiarulli, 2005, 2006; Neusius
and Chiarulli 2007) and currently is the oldest radiocar-
bon age on bean from Pennsylvania. The Saddle site bean
was dated to 67533 B.P. (cal.2o A.D. 1271-1391; Hart et
al. 2002:381).

Beans were also found at Drew Phase Monongahela
sites of Ryan (Cutler and Blake 1973:60) and Drew (Blake
and Cutler 1983:85; Buker 1970) that generally date
between ca. A.D. 1000 and 1300 (all also cited in King
1999:16-17) (Table 2-10). The contexts suggest beans may
be present in Pennsylvania earlier than ca. A.D. 1300 at
these sites, but none of these beans were directly AMS
dated to confirm their actual ages. This needs to be done
before it can be demonstrated that beans were utilized
prior to ca. A.D. 1300 in the region. In any case, beans
apparently are a relatively late addition to the crops
grown by groups in western Pennsylvania.

Further east, beans were allegedly recovered from a
feature at the Bald Eagle site with an associated date of
1040485 B.P. (cal. 20 A.D. 779-1178; King 1999:19; Hay
and Hamilton 1984). However, no beans were found in
the reexamination of the Bald Eagle remains suggesting
the identification of this sample as a bean was erroneous
(Hart and Scarry 1999:655).

CONCLUSIONS

Horticulture has a long history in the eastern United
States and Pennsylvania. Early horticulture revolved
around Eastern Agricultural Complex crops.
Gourd/squash, goosefoot,, erect knotweed, little barley,
maygrass, and marshelder apparently were under culti-
vation in Pennsylvania and the northern panhandle of
West Virginia during the Woodland period. It remains to
be determined just how important these crops were in the
diet of various Woodland groups, and if they were the
impetus for the development of settled village life during
the late Late Woodland/Late Prehistoric (ca. A.D.
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Table 2-10: Bean (Phaseolus vulgaris) remains from Pennsylvania

Site Material Lab Radiocarbon Cal. 20 Sigma Reference
Dated Number Age (B.P.) Range (A.D.)
Fleming 36IN26 Bean Beta-204023 72040 1221-1386 Chiarulli 2005, 2006; Neusius
and Chiarulli 2007
Gnagey No. 3, Bean AA53306 71334 1228-1386 Means 2005:55
Village 1
36S055
Portman 36AL40 Bean AA-38456 682+33 1268-1390 Hart et. al. 2002:381
Saddle 46MR95 Bean AA-38457 675+33 1271-1391 Church and McDaniel 1992;
Hart et. al. 2002:381; King
1999:16
Gnagey No. 3, Bean AA-29118 635+45 1282—-1403 Hart et al. 2002:378; Hart and
Fea-13D Scarry 1999:656;
36S055 Means 2002:286
Gnagey #3 Bean AA-29118 610455 1284—-1416 Hart et al. 2002:378; Hart and
Fea-30 365055 Scarry 1999:656; Means
2002:286
Brant 36IN362 Bean Beta-201662 600+40 12941411 Neusius and Chiarulli 2007;
Ramsey and Wymer 2004
Campbell Farm Bean AA-40132 462+38 1403-1609 Hart et. al. 2002:381
36FA26
Catawissa Str. Charcoal? Pitt-12, DIC-3151, 4 dates ranging from 891-1148 Hart and Sidell 1996:25;
IV 36C0O9 Pitt-74 and Pitt-77 1040+45 to 795+75 to 1040-1381 Herbstritt1988:10; King 1999:20
Bald Eagle/Salmon  Charcoal UGa-4754 1040+85 (and possibly 779-1178 NOTE: Originally identified as a
36CN102 as old as ca. 1100 bean in Hay and Hamilton 1984
based on other material Hart and Scarry 1999:655
from site) suggest this was a
misidentification
Nash 36CN17 Charcoal 1-7266, 1-7265, 990480 to 235+80 891-1216 Hart and Scarry 1999:655
1-7264 to 1478-1953
(beans were
supposedly with
11th century
component
Ryan 36\WM23 ? 1-16727, 5 C14 dates 894-1218 Cutler and Blake 1973:60;
GaK-3729, ranging from George 1974:16-17, 2004b:68
1-16713, 980+80 to
B-20777, 600+?
B-142812
West Water Street  Charcoal Beta-53663 850+60 10401271 Custer et al. 1996:14-23; Hart
36CN175 and Asch Sidell 1996:25
Faucett 36PI13A Charcoal Y-2474 Y2473 640+120 1050-1613 Custer 1996:296; Kinsey
540+100 1270-1630 1975:17; Moeller 19753,
1975b, 1991, 1993
Nace 36LA36 Charcoal OWU-144B, five dates ranging 1030-1634 to Custer 1996:274-278
OWU-143E, from 640+165 to 1437-1956
OWU-142A, 230175
OWU-144A and
OWU-143d
McKees Rocks Charcoal M-2201 620+100 1209-1468 Buker 1968:9; Herbstritt 1988:5
Village 36AL16
Fisher Farm Charcoal UGa-2276 600+105 1212v1616 Hart and Asch Sidell 1996:26
36CE35 King 1999:19; Willey 1980:138
Drew 36AL62 Maize M-2198 590+100 1219-1610 Buker 2004:23; Cutler and
Blake 1973; King 1999:17
Murry Site 36LA183 charcoal Y-2480 540+100 Kinsey and Graybill 1971:11, 39
Sheep Rockshelter  charcoal M-2086, five dates ranging 1285-1634 Berbich 1967; Herbstritt 1988:12
36HU1 M-1904, M-2084,  from 500+100 to 1449-1953
M-1905, and to 260+100
M-1903
Quaker Hills Quarry charcoal Late Shenks Ferry, McKnight 2006

36LA1100

series of dates circa
450-400
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900-1500/ European contact), as has been hypothesized.
Tobacco may also have been grown for use in rituals con-
ducted by Woodland peoples.

The paucity of excavated habitation sites dating from
the Early, Middle, and early Late Woodland periods from
the region makes any interpretations of cultural process-
es difficult. The settlement types and subsistence patterns
of local Woodland groups remains to be determined
across the region. Additional work at sites from these
periods, along with extensive use of flotation to recover
subsistence remains, needs to be conducted so the impor-
tance of these foods, subsistence practices, and their effect
on cultural practices can be assessed.

Something happened around A.D. 900 that shifted sub-
sistence practices away from Eastern Agricultural
Complex crops toward intensive maize horticulture. It
might have been the introduction of 8 row Northern Flint
that provided the impetus for the change. Northern Flint
was well adapted to the climate of the northeastern
United States. It likely was a more productive and reliable
maize crop (Crawford et al. 2006). Another possibility is
the development and spread of hominy technology
caused a shift to greater maize use. Processing maize into
hominy unlocks nutrients in the kernal and adds another
form of maize to the native diet (Myers 2006). However,
the reason or reasons for the adoption of intensive maize
horticulture and decrease in importance of native Eastern
Agricultural Complex crops remain to be determined.

The development of a native horticultural tradition
must have aided the development of intensive maize
propagation in the Pennsylvania during the late Late
Woodland / Late Prehistoric period. Evidence of extensive
maize use at Late Prehistoric sites from western
Pennsylvania suggests that maize probably was grown in
small quantities in the region during the early Late
Woodland prior to ca. A.D. 900. It is unlikely that maize
was introduced as a totally new and unknown crop
around A.D. 900 and was immediately accepted and
grown as a major staple by late Late Woodland/Late
Prehistoric inhabitants of the region. If so, it would have
required these populations to immediately change deeply
ingrained settlement and subsistence practices without
hesitation. It is far more likely that there was a period of
small-scale experimentation with a new crop like maize
prior to its full-fledged adoption and modification of local
settlement and subsistence practices. There are claims for
early maize from the region that might substantiate this
view, including what would be the earliest macrobotani-
cal evidence for maize from the East. It is imperative that
the few samples of maize recovered from early contexts in
Pennsylvania be AMS dated to confirm their ages. Direct
AMS dates on samples of maize from the Midwest indi-
cate it is possible that maize was present in Pennsylvania
by the Late Woodland period and that some of these early
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Pennsylvania samples may prove to be wvalid.
Nevertheless, until such time that AMS dates are
obtained, the claims for early maize from Pennsylvania
must be questioned. In addition, large-scale flotation and
analysis of samples from Late Woodland sites must be
obtained to confirm the presence of maize and Eastern
Agricultural Complex crops throughout the Late
Woodland period. Samples of maize from Late Prehistoric
contexts also should be AMS dated to ensure they are not
later or modern contaminants.

The early Late Woodland (ca. A.D. 400 to 900) is a very
important transition period between the Middle
Woodland Hopewellian efflorescence and development
of intensive maize horticulture societies during the late
Late Woodland /Late Prehistoric period in Pennsylvania
and the northern panhandle of West Virginia.
Unfortunately, the early Late Woodland is also one of the
least studied periods in the region. Much more work
must be directed toward identifying and excavating sites
from the early Late Woodland period. It is only through
such work that the questions of when and how settled vil-
lage life and maize horticulture developed will be
answered.
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CHAPTER 3

THE IMPACT OF MAIZE-BASED AGRICULTURE
ON PREHISTORIC PLANT COMMUNITIES IN THE NORTHEAST

by Nancy Asch Sidell

In the first volume of Current Northeast Paleoethnobotany,
quantitative analysis of flotation and water-screened
plant remains from 10 well-sampled Maine sites, a re-
construction of prehistoric plant communities, and an
outline of plant use over a period of nearly 10,000 years
was presented as a first step toward developing a region-
al synthesis (Asch Sidell 1999¢). Subsequently, various
archaeobotanical indicators were used to study anthro-
pogenic influences on vegetation at 27 sites with 48 com-
ponents dating 6350-190 B.P. from Maine to Pennsylvania
(Asch Sidell 2002g).

Crawford and Smith (2003) presented a regional syn-
thesis of paleoethnobotany in the Northeast in which they
outlined the history of research and cultural chronology in
the Great Lakes region, Atlantic Canada, and New
England. The data were organized into three cultural pat-
terns, Eastern Collecting (pre-maize), Northern Mixed
Economy, and Northeastern Coastal. Most of the pale-
oethnobotanical data from Ontario and New York
(Iroquoian) were presented as part of the Northern Mixed
Economy pattern, and the New England mixed economy
groups (Algonkian) were discussed as part of the
Northeastern Coastal pattern. It was noted that the devel-
opment of a mixed economy took several centuries, start-
ing at about 1500 B.P. with the introduction of maize in
southern Ontario. Tobacco was present in Ontario by
1100-1000 B.P. and bean by 730-665 B.P. There is a possi-
bility that goosefoot, erect knotweed, and little barley were
grown in precontact Ontario; there was also an occurrence
of wild-sized marshelder far from its natural range (see
Table 3-1 for Latin names). Resource diversity increased in
Late Archaic deposits in Ontario, nut use declined through
time, and use of fleshy fruits remained important at Late
Woodland sites (Crawford and Smith 2003).

This chapter will add to the inventory of sites in Maine,
Vermont, New York, and Pennsylvania that can con-
tribute to a regional synthesis. The sites are grouped

according to the forest zone in which they are located,
using the classification developed by Braun (1950).
Altogether, this study includes 58 sites with 85 compo-
nents, and 31 of the sites contained maize in 36 compo-
nents, not including possibly intrusive maize (Figure 3-1,
Table 3-2).1 Dates associated with the various culture his-
toric time periods and taxa are presented in Table 3-2. All
dates in this chapter are uncalibrated. The sites in north-
ern New England lie within the New England section of
the hemlock-white pine-northern hardwoods forest
region, which extends from Maine to northern Pennsy-
lvania. In northern New England, maize sites are found in
the warmer areas including the Champlain Valley in
northwestern Vermont, the Connecticut River Valley
between New Hampshire and Vermont, and in the Saco,
Androscoggin, and Kennebec River valleys of southern
and central Maine. Other forest regions included in this
study are the beech-maple region on the southern edge of
Lake Erie and Lake Ontario, the Piedmont section of the
hemlock-white pine-northern hardwoods forest region,
and the oak—chestnut region from Connecticut and the
Hudson River Valley to southeastern Pennsylvania and
central New Jersey (Figure 3-1). Each archaeobotanical
analysis was undertaken to reconstruct the natural vege-
tation of the site area at the time of the occupation based
on wood charcoal, nutshell, and seed analyses; to evalu-
ate evidence for use of cultivated / domesticated plants; to
assess the significance of wild plant foods; and to com-
pare the results with other sites in the region. The
archaeobotanical analysis by itself provides unique
insights into plant use at a particular time and place.
Compiling a portion of the data from each site into a sum-
mary paper such as this reveals trends and patterns in
regional plant use that in turn make each subsequent site
analysis more meaningful.

This chapter will first examine the evidence for ubiquity
of maize at sites postdating 1190 B.P; then wood charcoal
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Table 3-1. Latin and Common Names of Plants Referenced in the Text.

EASTERN AGRICULTURAL COMPLEX
Chenopodium berlandieri ssp. jonesianum, goosefoot
Helianthus annuus var. macrocarpus, common sunflower
Hordeum pusillum, little barley
Iva annua var. macrocarpa, marshelder, sumpweed
Phalaris caroliniana, maygrass
Polygonum erectum, erect knotweed

OTHER CULTIGENS
Cucurbita pepo ssp. ovifera, squash, pepo gourd
Nicotiana spp., tobacco
Phaseolus vulgaris, common bean
Zea mays ssp. mays, maize

WEED/ECONOMICALLY IMPORTANT SEEDS
Amaranthus spp., amaranth
Ambrosia trifida, giant ragweed
Amphicarpaea bracteata, hog peanut
Chenopodium spp., goosefoot
Desmodium spp., tick trefoil
Helianthus spp., ruderal/wild sunflower
§Persicaria, Polygonum spp., smartweed
Polygonum scandens, false buckwheat
§Polygonum, Polygonum spp., knotweed
Zizania spp., wild rice

FLESHY FRUIT SEEDS
Cornus canadensis, bunchberry
Crataegus spp., hawthorn
Fragaria spp., strawberry
Gaylussacia spp., huckleberry
Prunus spp., cherry
P. nigra, Canada plum
P. pensylvanica, pin cherry
Rubus spp., bramble (blackberry, raspberry, dewberry)
Sambucus spp., elderberry
Solanum americanum, black nightshade
Vaccinium spp., blueberry
Viburnum cassinoides, wild raisin
Vitis spp., grape

GRASS SEEDS (TECHNOLOGICAL?)
Andropogon gerardii, big bluestem
Echinochloa spp., barnyard grass
Elymus spp., wild rye

NUT TREES
Carya spp., hickory
C. cordiformis, bitternut hickory
C. ovata, shagbark hickory
Castanea dentata, chestnut
Corylus spp., hazelnut
Fagus grandifolia, beech

Juglans cinerea, butternut, white walnut

J. nigra, black walnut
Quercus spp., acorn

OTHER TREES for FIREWOOD
Acer spp., maple
A. saccharum, sugar maple
Betula spp., birch
B. alleghaniensis, yellow birch
B. nigra, black, river birch
Crataegus spp., hawthorn
Fraxinus spp., ash
Ostrya virginiana, hophornbeam
Pinus spp., pine
P. rigida, pitch pine
P. strobus, white pine
Populus spp., poplar
Prunus spp., cherry
Quercus spp., oak
Tilia americana, basswood
Tsuga canadensis, hemlock
Ulmus spp., elm
U. americana, white elm

MEDICINAL/BEVERAGE SEEDS
Aralia hispida, bristly sarsaparilla
A. racemosa, wild sarsaparilla
Comptonia peregrina, sweetfern
Galium spp., bedstraw
Liliaceae, lily family
Phytolacca americana, pokeweed
Rhus spp., sumac
Verbena spp., vervain

Note: Grouped according to inferred prehistoric use. Plants referenced in the text but not identified at an archaeological site are not included.

composition as it relates to forest regions; nutshell abun-
dance in relation to percentage of oak, hickory, and chest-
nut trees near a site; and changes in seed types through
time, including a detailed discussion of plants making up
the Eastern Agricultural Complex. Finally, changes in
vegetation that may have occurred with the introduction
of maize agriculture are considered.

MAIZE UBIQUITY

It may have taken more than 1,000 years for maize to
spread from southern Ontario and New York into north-
ern New England. Based on phytoliths recovered from
pottery sherd cooking residues, maize was grown in the
northern Finger Lakes region of New York by 2270+35
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B.P. (cal. 26 399-208 B.C.) and in the upper Susquehanna
River valley by 1515440 B.P. (cal. 20 A.D. 434-613) (Hart
et al. 2007; Thompson et al. 2004). The earliest direct date
on maize in Vermont is 840+40 B.P. (cal. 20 A.D.
1049-1271) from the Headquarters site, and there is a
direct date on bean of 765+50 B.P. (cal. 20 A.D. 1164-1378)
from a maize and bean storage pit at the Skitchewaug site
in Vermont (Petersen and Cowie 2002). In Maine at the
Little Ossipee North site in the central Saco River valley,
two maize cupule fragments were recovered from a fea-
ture dating to 1010+60 B.P. (cal. 20 A.D. 894-1162). Direct
dating of one cupule yielded a date of 570+40 B.P. (cal. 20
A.D. 1299-1429). At the Early Fall site, located about 3 km
downstream from Little Ossipee North, 70% of the feature
samples contained remains of cultivated plants, including
maize cob & kernel fragments, Cucurbita pepo rind, and
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Figure 3-1. Site location map and forest regions of the Northeast (based on Braun 1950).

one bean. Radiocarbon dates on associated charcoal were
570440 B.P. (cal. 20 A.D. 1299-1429) and 460+60 B.P. (cal.
20 A.D. 1319-1632) (Asch Sidell 1999e).

Most archaeological maize in the Northeast is recov-
ered by flotation or water screening with Imm or smaller
mesh, and consists of tiny fragments of carbonized
cupule, glume, embryo, or kernel. The density of maize at
northeastern sites is quite variable, ranging from a low of
0.004 to 20.4 fragments of maize larger than 2 mm per
gram of charcoal at the sites in this study (Table 5-2).2
Leaving out the two extremes, the average amount of
maize is 1.3 fragments larger than 2 mm per gram of char-
coal. More significant than the quantity of maize recov-
ered is the fact that maize was found at all but two of 33
sites with 38 occupations postdating 1190 B.P,, regardless
of the size or function of the sites. At the Thomas Creek
site (1150-650 B.P.), a small campsite in the Chenango
River floodplain in southcentral New York, the lack of

maize could relate to the small quantity of charcoal exam-
ined, only 13 grams. For example, a maize index of 0.004
fragments, such as was found at the Cayuga Iroquois Plus
site (550-450 B.P) in central New York, would require that
about 250 g of charcoal be examined to find a maize frag-
ment larger than 2 mm in size. The second site without
maize postdating 1190 B.P. was Cherry Valley Road
(790-670 B.P.), a small hunting camp located in a part of
New Jersey with limited evidence for prehistoric occupa-
tion. The charcoal was preserved mostly in the heavy
fraction, coated with thick clay skins which impeded
identification, and only 109 g was examined. At the site
with the lowest density of maize, the Cayuga Iroquois
Plus site in New York, maize was found in 6 of 10 features
yielding a total of 2,212 g of charcoal from 60 samples.
There were eight fragments of maize larger than 2 mm as
well as unquantified amounts from 0.5 mm to 2 mm in
size. The remarkable ubiquity of small quantities of tiny
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Table 3-3. Maize, Cucurbit, Bean, Tobacco, Eastern Agricultural Complex, and Wild Rice

FOREST REGION Date Cucurbit Maize Sun- Marsh- Goose- Little Erect Bean Tobac- Wild
Site B.P. >2 mm flower elder foot barley knotweed co Rice
HEMLOCK-WHITE PINE-NORTHERN HARDWOODS: NEW ENGLAND SECTION
Ntolonapemk, ME 64606470 - - - - [4] - - - - -
Sharrow, ME 6320-5695 [1] - - - - - - - - -
Ntolonapemk, ME 5840-3990 - - - - [10] - - - - -
Hunter Farm, ME 4730-4160 - - - - [1] - - - - -
Glidden Mound, ME 2200-1500 - - - - [17] - - - - -
Ntolonapemk, ME 2490-520 - - - - [2] - - - - -
Tranquility Farm, ME 1280 - - - - [8] - - - - -
Little Ossipee North, ME  1010-570 - 2 - - - - - - - -
Skitchewaug. VT 850-600 1 485 - - - - - 48 - -
Headquarters, VT 840-410 - 28 - - [408] - - - - 81
Pemaquid, ME 520-490 - 3 - - - - - 1 - -
Bohannon, VT 550-450 - 418 - - - - - - - -
Early Fall, ME 570-460 3 72 [17] - [1] - - 1 - -
Tracy Farm, ME: LW 450 3 150 - - [2] - - 2 - -
Sandy River, ME 530-300 1 732 - - - - - - - -
Conant, ME 390-220 - 157 - - [1] - - - - -
Tracy Farm, ME: Contact 335-255 3 803 [1] - [30] - - - -
Norridgewock Mission, ME 255-190 4 491+ - - [116] - - 6 - -
BEECH-MAPLE
Lindesay, NY 950-500 - 239 - - [7] - - - - -
Ripley, NY 650-300 - 3,012 2[1] - [11] - - 17 1 -
Bailey, NY 550-290 2 23,917 1 - [14] - - 109 1 -
HEMLOCK-WHITE PINE-NORTHERN HARDWOODS: PIEDMONT SECTION
Scudder, NY 950-650 - 87 [1] - 2,[3] - [1] - - -
Park Creek Il, NY 1050400 - 50 [1] - - - - - - -
Plus, NY 550-450 - 8 1 - - - - - - -
Parker Farm, NY 425-400 - 45 - - - - - - - -
HEMLOCK-WHITE PINE-NORTHERN HARDWOODS: PIEDMONT SECTION BOTTOMS
Broome Tech, NY 2900-2150 - 3) - [2] [18] - - - - -
Mansfield Bridge, PA: 1150-940 2 257 1 3 >9[281] - - - - -
Deposit Airport I, NY 1250-750 3 44 - - >1[32] - - - - -
Apalachin Creek, NY 1050-850 - 6 - - - - - - - -
Lamb, NY 1150-650 - 7 [1] - - - - - - -
Wood, NY 950-850 2 14 - - - - - - - -
Broome Tech, NY 950-700 30 473 - - - - - 4 - -
Horseheads, NY 1050-450 - 21 - - [1] - - - - -
Thomas/Luckey, NY 700-600 - 524 3 - [27] - - 190 - -
Losey 3, NY 790-260 - 903 - - - - - 12 - -
OAK-CHESTNUT
Memorial Park,P A 5200-4900 [2] - - - - - - - - -
Memorial Park, PA 3095-2830 10 - - - - - - - - -
Memorial Park, PA 1190-1120 - 117 [1] - 19 119 - - - -
Memorial Park, PA 1030-985 - 1 - - - 101 - - - -
211-1-1, NY 1100-850 - 8 - - - - - - - -
Memorial Park 900-860 - 15 - - 2 70 - - - -
Memorial Park 660-565 - 43 - - 20 - - 1LW 1LW
Penn Allen Road 1080-330 1 16 - - - - - - - -
294A-25-2, CT 790-220 - 9 - - [1] - - - - -
294A-AF2-1, CT 440430 - 58 - - - - - - - -
211-1-1, NY 390-240 - 1 - - - - - - - -
Note: [ ] = not domesticated; () = intrusive?; LW = Late Woodland; + = 2,972 fragments from a smudge pit with only 1/4" charcoal submitted for analysis was not included.

maize fragments at all types of sites throughout the
Northeast is perhaps the best indication of the wide-
spread importance of maize agriculture after 1190 B.P.

At only one of the 36 occupations with maize was there
evidence that the maize may have been imported from
another location. At the Lindesay site (950-500 B.P.), locat-
ed along a pioneer (and prehistoric?) trail on a high bluff
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overlooking the lower Niagara River in the beech-maple
forest region of New York, 92% of the maize fragments
were kernel and embryo. The paucity of cob fragments
(cupules, glumes) may mean that maize was not grown
and processed near the site. If the maize were present as
travel food for a temporary camp, it would more likely be
in the form of parched kernels, whole dried kernels, or

Nancy Asch Sidell



corn meal, which are less bulky to transport. The relative-
ly high frequency of kernel fragments at Lindesay site
together with a low frequency of nutshell and seeds may
indicate that the maize was a travel food imported from
another location rather than a crop that was grown near
the site.

Also located in the beech-maple region south of Lake
Ontario in New York, the Bailey site (550-290 B.P.) had an
even higher percentage (96.5%) of kernel and embryo
fragments, but cob fragments were ubiquitous in 12 out of
15 samples. At Bailey site there were about 24,000 frag-
ments of maize larger than 2 mm in association with 109
bean fragments, two tiny squash/pepo gourd rind frag-
ments, one sunflower kernel, one tobacco seed, 14 ruder-
al/wild goosefoot (Chenopodium berlandieri), as well as six
kinds of fleshy fruit (hawthorn, strawberry, bramble,
elderberry, blueberry, and grape), and five types of medic-
inal plant seeds (bedstraw, sumac, pokeweed, smart-
weed,? and vervain). The presence of several cultigens and
the relative abundance and diversity of seeds suggest that
maize was grown near the site and that the anthropogenic
environment provided by field edges and abandoned
fields was the probable source of the diversity of seeds.

At more than half of the 36 occupations with maize, the
maize was found in association with other cultivated
plants including cucurbit (squash, pumpkin, pepo
gourd), bean, tobacco, and members of the Eastern
Agricultural Complex—sunflower, goosefoot, marshelder,
and little barley. However, only five occupations had all
three elements of the maize-bean—squash triad (Table 3-
3). Bean did not enter the northern Eastern Woodlands
until the late calibrated thirteenth century A.D. (Hart et al.
2002). The cucurbit and bean remains will not be
described in detail in this report, but two new finds of
tobacco merit special consideration (see below).

FOREST REGIONS AND WOOD CHARCOAL

The most abundant and easily studied charcoal category
at any archaeological site is wood charcoal, which is gen-
erally presumed to be firewood from everyday cooking
fires. Assuming wood is collected near the site, a firewood
analysis can be used to detect changes in vegetation
through time at a particular location. For this study, the
wood charcoal was grouped by indicator species into cat-
egories of “mesic forest” (beech, maple, birch, basswood,
hophornbeam, hemlock, white pine), “dry, open woods”
(oak, hickory, chestnut), “floodplain/bottomland forest”
(ash, elm, etc.), “disturbed woods/thickets” (cherry,
hawthorn, poplar, pitch pine) (Asch Sidell 2002g). Sites
were assigned to forest regions as defined and mapped by
Braun (1950). Looking at wood charcoal composition, it is
evident that there are regional differences in archaeolog-

ical wood charcoal that relate to the vegetational differ-
ences described by Braun (Figure 3-2). The sites ranged
from Paleoindian through Contact period (ca. 10,550-190
B.P), left to right, within each forest region. Most sites
had a great variety of wood types even if there was a
poor selection of nutshell and seeds. For example, in
New York at Smith-Holloway 4 site (3450-1950 B.P.),
where no seeds were preserved, there were 12 categories
of wood charcoal from 200 identified fragments. At the
nearby contemporaneous Schoharie Creek II site
(3450-2050 B.P.), there were 16 categories of wood identi-
fied from 151 fragments.

Sites in northern New England, New York, and north-
ern Pennsylvania had a high frequency of species charac-
teristic of the mature hemlock-white pine-northern hard-
woods forest region. In New York, the chestnuts, oaks,
and hickories of the southern forests extended up the
major river valleys, and there tended to be a higher fre-
quency of oak and hickory in those locations, indicated as
Piedmont Bottoms in Figure 3-2. Sites in and adjacent to
the oak—chestnut forest region in southern New England,
southeastern New York, and central Pennsylvania had a
much higher percentage of oak, hickory, and chestnut
wood charcoal. The oak-hickory—chestnut forest is gener-
ally a more open woodland, with fire-tolerant vegetation.
The vegetation of the Lake Erie and Lake Ontario low-
lands in Late Woodland / Protohistoric times was a mosa-
ic of plant communities dominated by a beech-maple
forest. According to Braun (1950), the average dominance
of beech and sugar maple in climax communities in the
beech-maple region is usually about 80%, but this part of
New York State was affected by an influx of southern
species during the xerothermic period.

NUT TREES AND NUTSHELL

Another important component of the carbonized remains
at many archaeological sites is nutshell, which is general-
ly a mixture of types. Crawford and Smith (2003) found
that although resource diversity increased in Late Archaic
deposits in Ontario, nut use declined through time.
Outside of Ontario, in the area covered by the present
study, there was not a noticeable decline in nut use
through time. To determine if variations in overall nut-
shell frequency between sites and between occupations at
the same site could be related to the types of trees that
grew near the site rather than to cultural differences in the
way nuts were collected or processed, in this study all
types of nutshell were grouped together to create a nut-
shell index composed of acorn, beechnut, butternut, black
walnut, chestnut, hazelnut, hickory nut, and bitternut
hickory shells. The index was calculated as the total num-
ber of shell fragments larger than 2 mm divided by the
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Wood Charcoal

100

Hemlock-Pine-Northern Hardwoods:New England

Beech-Maple Piedmont Section

Piedmont Bottoms Oak-Chestnut

| O % Heraock-\White Fine-Morthern Hardwioods

W % Oak-Hickory-Chestrut |

Figure 3-2. Wood charcoal from archaeological sites arranged by site/component, from oldest to youngest (left to right) within each forest region. Time
interval is about 10,590-190 B.P. for the New England section of the hemlock—white pine—northern hardwoods forest region, 4000-300 B.P. for the
beech—maple region, 6260—400 B.P. for the Piedmont section of the hemlock—white pine—northern hardwoods forest region, 8780-260 B.P. for the
Piedmont bottomland sites in southern New York and northcentral Pennsylvania, and 6355220 B.P. for the oak—chestnut forest region.

total weight of charcoal larger than 0.5 mm. Plotting the
percentage of oak, hickory, and chestnut wood charcoal
(indicative of relatively open, dry forest) versus the nut-
shell index, there was generally a direct relationship
between the amount of oak and hickory wood charcoal
and the frequency of nutshell in each area (e.g., Figure 3-
3) except in Maine, where there are fewer species of oak
and hickory (Asch Sidell 2002g).

In Maine most sites had a mean of 16% oak wood and
only 0.7 nutshell fragments per gram of charcoal (n=26
components). In the oak—chestnut region, sites had a
mean of 66% oak, chestnut, and hickory wood charcoal
together with a high index of 6.5 nutshell fragments per
gram of charcoal (n=19 components). For Vermont, Figure
3-3 shows dramatic differences in nutshell indices
between sites with more than 22 % oak and hickory wood
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versus sites/ components with 1% or less oak and hickory
wood charcoal. In New York, in the Piedmont section of
the hemlock-white pine-northern hardwoods forest
region, the sites averaged 17% oak-hickory—chestnut
wood charcoal and only 0.25% nutshell fragments per
gram of charcoal (n=8 components), even less than in
Maine where there are far fewer types of nut trees. The
Piedmont calculations excluded bottomland sites in
southcentral New York and the Fivemile Dam site
(6260-3180 B.P.) in the middle Mohawk River valley. In
the Piedmont bottoms of southcentral New York and
northcentral Pennsylvania where Braun predicted more
southern species, the sites had an average of 33%
oak-hickory—chestnut wood charcoal and 6.2 nutshell
fragments per gram of charcoal (n=18 components).
Leaving out the highest (Horseheads, 1050450 B.P.) and
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Figure 3-3. Nutshell density (dashed line) in relation to percentage of oak, hickory, and chestnut wood charcoal (black line) and maize index (dotted
line). The nutshell index and maize index are the number of fragments larger than 2 mm per gram of total charcoal.

lowest (River Road site, 4950-3930 B.P.) nutshell index,
the remaining sites in the Piedmont bottomlands had 33%
oak-hickory-chestnut wood charcoal and 1.7 nutshell
fragments per gram of charcoal (n=16 components), inter-
mediate between the upland Piedmont sites and the
oak—chestnut forest region sites. The generally greater
nutshell density at sites located near abundant oak, hick-
ory and/or chestnut trees, together with the wide diver-
sity of nutshell types identified at most sites, is interpret-
ed to mean that nut resources were used for food when-
ever they were available near a site, whether or not maize
was grown.

Role of butternut

Butternut extends throughout much of the Northeast but
is a locally abundant species that tends to grow in rich or
rocky woods, often along streams (House 1924). At three
Late Archaic sites in eastcentral New York and south-
western Vermont, butternut shell was present in large
amounts. Kingston Armory site, with AMS dates of
4550440 B.P. (cal. 20 3370-3100 B.C.) and 4520+40 B.P. (cal.
20 3350-3020 B.C.) (Hope Luhman, personal communica-
tion), had 86% nutshell in 342 g of charcoal, mostly butter-
nut shell and husk. The Kingston Armory site was locat-
ed in the oak—chestnut forest zone that extends up the
Hudson River Valley in an area where uplands are nor-
mally forested with hemlock, white pine, and northern
hardwoods. There was a paucity of wood charcoal, but
based on an analysis of only 32 fragments from 5 samples,
it appeared that 75 percent of the firewood at the
Kingston Armory site was collected from oak and hickory

trees. The abundance of butternut shell indicated that a
butternut grove must also have grown nearby.

Two other sites with larger than expected amounts of
nutshell were Late Archaic River phase—the Cloverleaf
site (4520-3810 B.P.) at the confluence of Waloomsic River
and Furnace Brook in Bennington, Vermont, and the
Fivemile Dam site (4300-3180 B.P.) in the middle
Mohawk River Valley in Herkimer County, New York.
The Fivemile Dam site had three large contemporaneous
(ca. 3960-620 B.P.) platform hearths (Cassedy 1998).
According to Braun (1950), the predominant upland veg-
etation in southwestern Vermont and in the middle
Mohawk Valley before settlement was hemlock, white
pine, and northern hardwoods such as sugar maple,
beech, basswood, yellow birch, and white elm. The
Cloverleaf and Fivemile Dam sites were quite similar in
composition of plant communities, with beech dominat-
ing in the wood charcoal assemblage at each site, 60%
beech at Fivemile Dam and 33% at Cloverleaf. There was
only 1-2% oak and hickory wood charcoal. The overall
impression at both sites is that nutshell density was some-
what greater than for other Archaic sites in the hem-
lock-white pine-northern hardwoods forest region.
Butternut was by far the most abundant type of nutshell
recovered at both sites (95% of the nutshell at Fivemile
Dam and 85% at Cloverleaf site), suggesting that the sites
were favorably located near a butternut grove. Still, the
diversity of nutshell types recovered indicated that inhab-
itants of both sites probably made use of all the other
types of nuts that grew in the area when they were avail-
able. For example, at Cloverleaf where 85% of the shell
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was butternut, there was also 9% hazelnut, 4% bitternut
hickory, 1% acorn, 1% hickory, and 0.5% beechnut (Asch
Sidell 2001d). The natural range of black walnut and
chestnut did not extend into southwestern Vermont
(Little 1971, 1977).

SEED DENSITY AND VARIETY

In the first summary of plant use in Maine, it seemed that
a greater quantity and variety of seeds had been recov-
ered from sites postdating 1000 B.P,, perhaps coincident
with the introduction of maize agriculture (Asch Sidell
1999¢). With the addition of new data from Ntolonapemk
site (8690-520 B.P.) in eastern Maine, it now seems that the
disparity between Archaic and Late Woodland /Contact
sites was due in part to use of water screening rather than
flotation sampling at many of the earlier sites in Maine. In
the New England section of the hemlock-white
pine-northern hardwoods forest zone, several compo-
nents dating earlier than ca. 4000 B.P. in Maine and
Vermont had a greater variety of seed types and a higher
seed index than those dating ca. 4000 B.P. to ca. 1500 B.P.
(Table 3-1).

In the other forest regions (i.e., Piedmont section of the
hemlock-white pine-northern hardwoods, beech-maple,
and oak—chestnut), most of the pre-maize sites had a very
low seed index and few types of seeds. After ca. 1500 B.P.
most of the sites had maize, a higher seed index, and a
greater variety of seed types including weeds, legumes,
and grass. Sites with the highest maize indices tended to
have a much larger variety of seed types. The wild
legumes most often associated with maize in the
Northeast are perennials, including hog peanut and tick
trefoil. Seeds from the perennial grasses big bluestem and
wild rye have been found associated with grass stems in
storage pits. Wild rice was found at one northern Vermont
site and at Memorial Park site in central Pennsylvania in
association with maize. Hart et al. (2003) have shown that
maize was consumed with squash and wild rice in the
northern Finger Lakes region of New York as early as ca.
1400 B.P.

Fleshy fruits

Seeds from fleshy fruits are a high proportion of the seed
remains at most Archaic sites and at many Woodland
sites. At the Paleoindian Hedden site in Maine, located on
a glacial outwash surface deeply buried beneath sand
dunes, there was a relatively high density of two seeds
per g of charcoal, recovered by flotation sampling. At
Hedden, although only 5.5 g of flotation charcoal from 16
samples was available for analysis, there were 11 seeds
recovered. Surprisingly, all of the seeds were from fleshy
fruits: bunchberry, bristly sarsaparilla, bramble, and
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grape,* although bristly sarsaparilla is more properly clas-
sified as a medicinal plant.

Even at Late Woodland/Contact sites where fleshy
fruits may be a smaller proportion of the seed remains,
fleshy fruits remain important. For example, in Maine at
three sites in the Norridgewock Village area, fleshy fruit
seeds were 28-36% of the seed remains, but there were at
least 12 kinds of fleshy fruits that were utilized, including
hawthorn, bunchberry, strawberry, huckleberry, Canada
plum, pin cherry, chokecherry, blackberry/raspberry,
elderberry, blueberry, wild raisin, and grape. Also present
were fleshy fruits classified as medicinal, consisting of
bristly sarsaparilla and wild sarsaparilla. The great vari-
ety represented indicated that fruits were an important
part of the diet in the Late Woodland/Contact period.
Various combinations of these and other fruits are found
at northeastern sites throughout prehistory. The only fruit
unique to sites with maize agriculture is Solanum ameri-
canum, black nightshade, found at Late Woodland and
Mississippian sites in the Midwest (N. Asch and D. Asch
1985a:155) as well as in the Northeast at Memorial Park
site (1190-565 B.P.) in Pennsylvania, and Broome Tech
(950-700 B.P.) and Scudder (950-650 B.P.) sites in New
York.

Archaic seeds

The Ntolonapemk site in eastern Maine was a surface site
occupied over a period of 8000 years at the outlet of
Meddybemps Lake. According to Passamaquoddy tradi-
tion, Ntolonapemk was a stopping point on a canoe route
connecting coastal and interior regions by way of Dennys
River and St. Croix River. Plant remains from the least dis-
turbed contexts were classified as Early Archaic
(8690-8270 B.P.), Middle Archaic (6460-6470 B.P.), Late
Archaic (5840-3990 B.P.), Terminal Archaic (3240-2920
B.P), Early Ceramic (2490-2250 B.P.), Middle Ceramic
(1380-1360 B.P.), and Late Ceramic (980-520 B.P.).
Hazelnut in small amounts was found in each of these
occupations, acorn in most, and beechnut shell from Early
and Late Ceramic, although beech wood was present in
all occupations. The overall seed index (no. seeds >0.5
mm/g charcoal) was very high for this site, in part the
result of using flotation sampling rather than water
screening to recover seeds such as blueberry that are
smaller than 1 mm. Seeds of fleshy fruits were by far the
most abundant category, comprising 63-95% of all seeds
from the Early Archaic through the late Ceramic (Table 3-
2). The seeds included, in order of abundance, bramble,
blueberry, elderberry, bunchberry, huckleberry, and pin
cherry. Bristly sarsaparilla was also identified and classi-
fied as a medicinal plant in the Early Archaic and Ceramic
components. Other seeds from medicinal plants found
throughout the Archaic and Ceramic periods at
Ntolonapemk were sumac, smartweed, and bedstraw, as
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well as sweetfern from the Middle Ceramic. Of particular
interest was the category of weed seeds that could be of
economic importance, including goosefoot (C. berlandieri)
and tick trefoil. Previously, these seeds had been identi-
fied primarily at Maine sites in association with maize
agriculture, but Ntolonapemk is east of the area consid-
ered favorable for maize agriculture (Asch Sidell 1999).
However, the site is in the Maine Coastal Climate zone,
which tends to have a growing season 18 to 23 days
longer than elsewhere in the state (Baron and Smith 1996).
The goosefoot was positively identified from Middle
Archaic, Late Archaic, and Early Ceramic contexts. In the
early Archaic there were four small endosperm which
were either Chenopodium spp. or Amaranthus spp. The
presence of C. berlandieri as early as 6500 B.P. in the
Northeast in an anthropogenic environment has not been
confirmed by direct dating of the seeds.

In a Middle Archaic (6320-5695 B.P.) feature at the
deeply stratified Sharrow site in central Maine, a single
fragment of Cucurbita pepo (pepo gourd) rind was pre-
served, in association with hawthorn, bedstraw, bramble,
elderberry, and other seeds, acorn, beechnut, and tuber
(not groundnut) (Petersen and Asch Sidell 1996). Even
more seeds would have been recovered with flotation
sampling. As early as 7300 years ago in the Midwest, the
rind of pepo gourd was found in the Koster site midden
in westcentral Illinois, far from the natural range of
Cucurbita pepo (Asch and Hart 2004). Remarkably, it was
carried as far east as the Sharrow site by 5695+100 B.P.
(cal. 20 47684346 B.C.) and to the Memorial Park site in
central Pennsylvania by 5404+552 B.P. (cal. 20 54672928
B.C.) (Hart and Asch Sidell 1997). At Memorial Park site,
there were very few seeds found in the Archaic levels
despite the use of flotation sampling. The Early
Woodland deposits at Memorial Park site had 10 domes-
ticated squash/pumpkin rind fragments, but only one
seed of little barley, probably intrusive. At Sharrow, how-
ever, the relative abundance of seeds from fleshy fruits in
the Middle Archaic (56%) as well as the gourd rind sug-
gest there may have been extensive anthropogenic areas
around the site.

Late Archaic sites in Maine, with a relatively high seed
ratio despite the lack of flotation sampling, also show
reliance on fleshy fruits. At the deeply stratified
Brockway site (4370-3670 B.P.), located near Sharrow site
in central Maine, the most common seeds from Moore-
head phase (43704220 B.P.) features were fleshy fruits
consisting of wild raisin, bunchberry, hawthorn, bramble,
cherry, and elderberry. Beechnut shell was also recovered
from Moorehead features. At the Hunter Farm site
(47304160 B.P.) by the estuarine Androscoggin River, the
most common plant food remains were grape, hazelnut,
and acorn, including nutmeat as well as shell fragments.

EASTERN AGRICULTURAL COMPLEX
AND TOBACCO

By 2000 B.P. there were six or more species of indigenous
seed plants cultivated in the Midwest, including
marshelder, sunflower, goosefoot, erect knotweed, may-
grass, and little barley (D. Asch and N. Asch 1985a, Asch
and Hart 2004). Marshelder was the first crop to be grown
for food, and it was domesticated by 4000 B.P. in west-
central Illinois. By then domesticated sunflower had
spread eastward to Tennessee. Giant ragweed may have
been an early crop in Illinois (D. Asch and N. Asch 1985b),
and it was found in a cache with other crop seeds in
Arkansas at 2850 B.P. (Fritz 1997). Goosefoot was domes-
ticated after 4000 B.P, little barley became common before
2000 B.P. in Illinois, erect knotweed after 2000 B.P, and
erect knotweed was domesticated by ca. 750 B.P. (D. Asch
and N. Asch 1985a). These various species that made up
the Eastern Agricultural Complex were sometimes grown
together with maize from about 2100 B.P. until 750 B.P. in
the eastern U.S., particularly in Arkansas, Missouri,
Illinois, Tennessee, Kentucky, Ohio, and eastward to cen-
tral Pennsylvania (Asch and Hart 2004).

Iva annua (marshelder)

Three small grains of marshelder have been reported in
Ontario along with little barley and goosefoot by the Late
Woodland (Crawford and Smith 2003). Marshelder does
not grow naturally in the Northeast except for the coastal
species Iva frutescens (saltmarsh-elder).

Two wild-sized Iva annua achenes (Table 3-4) were pres-
ent at the Broome Tech site ca. 2900-2150 B.P. This
Transitional occupation of the Broome Tech site in the
Chenango River valley of southern New York was charac-
terized by abundant nutshell, abundant oak and hickory
wood charcoal (59%), but only 10% seeds from fleshy
fruits. One of the marshelder seeds was from the Upper
Transitional horizon and the other from the Lower
Transitional. Significantly, other seeds found in the
Transitional levels were goosefoot, giant ragweed, smart-
weed, and tick trefoil. This assemblage bears similarities to
the list of native plants that were cultivated in the Eastern
Woodlands by 2000 B.P. in the midcontinent (Asch and
Hart 2004; Fritz 1990), but none of the Broome Tech seeds
were from obviously domesticated plants. Perhaps also
significant was the presence of three maize cupule frag-
ments, which occurred singly in three midden samples,
two from the Lower Transitional horizon and one from the
Upper Transitional. However, it is assumed that the maize
fragments were intrusive from overlying occupations,
since there were no maize fragments found in Transitional
features and since maize has not been documented before
2270 B.P. in the eastern U.S. (Hart et al. 2007).
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Table 3-4. [va annua, marshelder

Site Age B.P. Kernel/ Achene Uncorrected Corrected Size Index
Length Width Length Width
Broome Tech, NY 2900-2150 kernel 1.6 1.3 2.4 1.8 4
! " kernel 1.65 1.6 24 2.3 5
Mansfield Bridge, PA 1130-940 kernel 3.8* 2.5 4.8 3.6 17
" " kernel ~3.6 24 5.1 34 17
" " kernel - 2.7* - 3.4 -

Note: Size in mm, corrected for 10% shrinkage and missing pericarp (* = 2 missing pericarp):

Uncarbonized achene length = 1.36 x (carbonized kernel length) + 0.17 mm.
Uncarbonized achene width = 1.45 x (carbonized kernel width) - 0.06 mm.

Modern wild achenes measure 2.8 mm x 2.2 mm (size index = 6) (D. Asch & N. Asch 1985a).

Mansfield Bridge site, PA

Scale = 1 mm

Figure 3-4. Iva annua var. macrocarpa, domesticated marshelder.

The multicomponent Mansfield Bridge site (8780-940
B.P.) in the Tioga River valley in northern Pennsylvania
had an Early Owasco component (1150-940 B.P.) with
domesticated marshelder (Figure 3-4). Two of the three
marshelder seeds were found in a large, deep pit dating
1130480 B.P. (cal. 20 A.D. 700-1030) inside a sub-rectan-
gular house. Other domesticated plants found in the
household features were maize, squash, sunflower, and
goosefoot. Fleshy fruits and medicinal plants included
hawthorn, plum, bramble, elderberry, bedstraw,
smartweed, sumac, and lily family. Nutshell was very
common in both Archaic and Early Owasco levels, but the
types of nuts that were utilized changed significantly
through time.

Hordeum pusillum (little barley)

The most detailed record of maize grown with cultivated
native seeds comes from the Clemson Island occupations
at the Memorial Park site on the West Branch of the
Susquehanna River in central Pennsylvania, dating
1190-860 B.P. (Table 3-3). Besides maize, the crops were
little barley, two types of domesticated goosefoot, and a
single seed from a small-headed sunflower (Hart and
Asch Sidell 1996). The goosefoot was concentrated in the
Early and Late Clemson Island, the sunflower in the Early
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Clemson Island, and the little barley occurred throughout
Early, Middle, and Late Clemson Island as well as Stewart
Phase (660-565 B.P.) components. A single tobacco seed
was found in an undated Late Woodland feature. Other
seeds of interest included black nightshade, wild rice,
amaranth, huckleberry, blueberry, elderberry, sumac, pin
cherry, and several types of grass including barnyard
grass and panic grass.

Chenopodium berlandieri (goosefoot)

Goosefoot seeds were found in 15 of the 36 occupations
with maize in this study, and domesticated C. berlandieri
ssp. jonesianum was positively identified at four of those
sites (Table 3-5). Goosefoot was also identified at numer-
ous pre-maize sites in Maine and New York. The goose-
foot found at most archaeological sites in the Northeast
has seed coats that are thinner than those for wild mid-
western and southeastern populations of C. berlandieri
described by Smith (1992) as 40-80 um thick. Archaic
seeds from the Northeast measure 15-65 ym thick, with
the 15 ym measurement coming from an immature or
late season seed. Late Archaic to Late Woodland seeds
tend to be 20-50 um thick, excluding obviously truncate
seeds and immature seeds. At the sites in northern
Pennsylvania and in southcentral New York that have
goosefoot with truncate margins and very thin seed
coats, obviously domesticated forms, there are
round /biconvex-margined seeds with thicker coats in
the same contexts (Table 3-5). The seeds with thicker
coats may have grown as a weed in the maize or culti-
vated goosefoot fields and in disturbed soil around the
villages, and the seeds could represent a food that was
used to supplement the maize supply. Gremillion (1993)
suggests that frequent occurrence of weed forms late in
prehistory may represent a decline in subsistence impor-
tance, but that observation may not apply to these north-
eastern sites where evidence of pre-maize cultivation of
domesticated goosefoot is lacking.

At the Memorial Park site in Pennsylvania, domesticat-
ed goosefoot with truncate margin and thin seed coat
(testa) was found in the Early Clemson Island component
(1190-1120 B.P.), but most of the measurable seeds resem-
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Table 3-5. Chenopodium berlandieri, goosefoot.

Site Age (B.P.) Mean Range Mean testa Range Margin No. seeds
diameter (mm) (mm) thickness (microns) (microns) measured
Ntolonapemk, ME 6460-6470 1.4 - 45 - ? 1
! 5840-3990 1.4 - ? [15]-65 ? 2
! 2490-520 1.4 - 29 22-35 ? 3
Hunter Farm, ME 4730-4160 1.6 - thick - ? 1
Broome Tech, NY 2900-2150 1.45 1.3-1.6 38 25-50 rounded/ biconvex 13
Glidden Mound, ME 2200-1500 1.58 1.5-1.7 40 40 rounded 6
Tranquility Farm, ME 1280 1.36 1.2-1.5 ? ? rounded/biconvex 8
Deposit Airport I, NY 1250-750 1.52 1.4-1.65 32 20-40 rounded/ biconvex 13
" " [~1.2] -[16] - truncate 1
Memorial Park, PA 1190-1120 1.8 - thin - truncate 1
" 1.73 1.5-2.1 absent - truncate 8
Mansfield Bridge, PA 1130-940 1.61 1.55-1.65 32 21-35 biconvex 5
" " 1.81 1.7-2.0 15 7-28 truncate 9
Lindesay, NY 950-500 ~1.4 - - - - 2
Scudder, NY 950-650 1.5 1.4-1.6 44 44 rounded/biconvex 2
! ! - - 26 22-29 truncate? 2
Headquarters, VT 840-410 1.49 1.36-1.56 37 25-50 rounded 10
294A-25-2 790-220 1.5 - very thin - ? 1
Thomas/Luckey, NY 650-500 1.20 .95-1.70 21 8-40 various 26
Ripley, NY 650-300 1.47 1.35-1.7 35 25-40 rounded/ biconvex 8
Bailey, NY 550290 1.42 1.25-1.7 44 37-58 rounded/ biconvex 1
Tracy Farm, ME ~450 1.55 1.5-1.6 40 36.5-44 rounded/ biconvex 2
! 335255 1.52 1.3-1.7 34 20-40 rounded 20
Norridgewock Mission, ME 255-200 1.49 1.3-1.7 28 14.5-36.5 rounded/ biconvex 30

Note: According to Smith (1992), wild-type C. berlandieri seed coats are 40-80 microns thick, based on measurements of wild populations from the Midwest and
Southeast; domesticated seeds typically have a truncate margin and testa thickness in the range of 9-21 microns. [ ] = immature seed

Reticulate biconvex, thick coat

Smooth, thin coat

Smooth, thin coat, truncate margin

Mansfield Bridge site, PA

Scale bar = 1 mm

Figure 3-5. Chenopodium berlandieri, Mansfield Bridge site.

bled the Mexican cultigen huauzontle, in which the outer
epiderm is entirely absent. That type of pale-seeded C.
berlandieri also was found in a Late Clemson Island com-
ponent (900-860 B.P) feature (Hart and Asch Sidell 1996).
At Mansfield Bridge site, Pennsylvania, the goosefoot
was concentrated in a circular pit within a sub-rectangu-
lar house feature. Most of the 291 seeds consisted of
popped endosperm with the seed coat missing. Among
the 38 popped seeds retaining all or part of the seed coat,
the seeds were clearly of two types. One type was reticu-

late with rounded to biconvex edges that tended to split
along the margin, a wild /weed seed. The second type of
seed was slightly larger in diameter with a thin smooth
coat that formed a truncate margin, definitely a domesti-
cate (Figure 3-5).

Deposit Airport I site, located in the floodplain of the
West Branch of the Delaware River, New York, was occu-
pied ca. 1250-500 B.P. Goosefoot seeds exhibited variation
in seed surface, testa thickness, and margin shape. Seeds
indistinguishable from wild/weed type had a reticulate
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Reticulate, wild weed type Smooth, thin coat, truncate margin

Deposit Airport I site. NY

Scale bar = 1 mm

Figure 3-6. Chenopodium berlandieri, Deposit Airport | site.

testa that tended to split in half around the biconvex to
rounded margin (Figure 3-6). Another type with thinner
seed coats (24-35 um) was represented by popped
endosperm with small areas of smoother, fragile testa
attached. One seed had the truncate margin and very thin
(16 um) testa characteristic of domesticated goosefoot.
This site represents the easternmost occurrence of domes-
ticated C. berlandieri. The goosefoot was present in 6 out of
30 features, the same number of features that contained
maize. Goosefoot was associated with maize in two fea-
tures and with cucurbit rind in one feature. Besides a low
density of maize, Deposit Airport I site also had abundant
seeds including 41% seeds from fleshy fruits (bramble,
blueberry, huckleberry, and hawthorn); 50% oak, hickory,
and chestnut wood charcoal; and abundant nutshell of all
types—hickory, acorn, butternut, chestnut, bitternut hick-
ory, beechnut, and hazelnut.

At Scudder site, a small village (950-650 B.P.) located at
the confluence of Canisteo and Tioga rivers in New York,
C. berlandieri was found in two features. Feature 3 con-
tained one endosperm and two measurable seeds that are
wild / weed type (Table 3-5, Figure 3-7). Feature 5 contained
two endosperm with small fragments of fairly thin (22-29
um) seed coat attached. These two seeds resembled domes-
ticated seeds in the way that the seed coat had shattered,
rather than breaking along the margin (Figure 3-7).

One small pit feature at Thomas/Luckey site (650-500
B.P.) in the floodplain of the Chemung River in New York
contained an unusual assortment of 29 C. berlandieri
seeds. The seeds varied widely in size, with the majority
of seeds smaller than modern wild type seeds and with
seed coats mostly thinner than wild type seeds. Overall,
the seeds do not appear to be a domesticated variety
because the largest seeds have a biconvex to rounded
margin rather than a truncate margin. Since many of the
seeds at Thomas/Luckey appeared to be immature
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and/or to lack an endosperm, it is possible that these
seeds are the remains of discarded chaff from winnowing.
Maize was abundant and ubiquitous at Thomas/Luckey
site, occurring in 37 of the 38 samples examined, and
beans were also grown. Half of the seeds at this site were
grass seeds found in a storage pit lining. In the pit lining,
there were 306 big bluestem seeds, three wild rye, two
other tiny grass seeds, 174 beans, one hawthorn, one
huckleberry, and one smartweed.

There was a large collection of C. berlandieri found in
the Late Woodland component (840-410 B.P) at the strat-
ified Headquarters site, east of Lake Champlain on the
southern bank of the Missisquoi River. In one feature
there was a minimum number of 400 goosefoot, com-
posed of 204 endosperm lacking seed coat, 80 shell frag-
ments with beak area, 46 popped seeds, 64 not popped, 65
immature, and 19 with insect holes. Measurement of 10
popped seeds at 200x yielded a mean diameter of 1.49
mm (range 1.36-1.56) with a testa thickness of 37 um
(range 25-50 um). This appears to represent a typical
wild-type population of C. berlandieri in the Northeast.

The goosefoot that has been found at pre-maize sites in
northern New England dating back to about 6500 B.P.
must represent plants that grew on disturbed soil around
settlements. C. berlandieri is considered very rare in Maine
today (Haines and Vining 1998:362), and has not been
identified in the northern tier of counties (Campbell et al.
1995). Modern C. berlandieri has not been documented
from the county containing the Norridgewock Village
sites (530-190 B.P.) where it grew during the late
Woodland /Contact period. C. berlandieri var. macrocalyci-
um is a plant of coastal areas and sea beaches, var. bushi-
anum is a plant of cultivated ground and disturbed soil,
and var. boscianum has been found in disturbed soil in
only three counties. In terms of seed size, var. macrocalyci-
um measures 1.3-1.7 mm in diameter, whereas var. bushi-
anum is mostly 1.5-2.0 mm wide (Haines and Vining
1998).

S S S S S | e -
Endosperm and cross section of  Endosperm with adherent frag-

thick seed coat ments of thin smooth testa

Scudder site, NY
Scale bar — 1 mm

Figure 3-7. Chenopodium berlandieri, Scudder site.
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Helianthus annuus (common sunflower)
In this study, 11 of the 36 occupations with maize also
contained ruderal or domesticated sunflower, usually a
single kernel or achene per site. There was also one sun-
flower from a Vermont site that did not have maize. This
stands in contrast to the large amount of sunflower found
at Ontario sites in association with maize. Yarnell
(1978:291) suggests that wild sunflower achenes probably
measure 4.5-5.0 mm in length, modern ruderal achene
length is 4.0-7.0 mm, and cultivated achenes range from
about 6 mm to more than 20 mm. Based on Yarnell’s cri-
teria, domesticated sunflower seeds were recovered from
five sites in this study including Mansfield Bridge,
Pennsylvania (1150-940 B.P.), and four New York sites:
Thomas/Luckey (650-500 B.P.), Ripley (650-300 B.P),
Plus (554-450 B.P.), and Bailey (550-290 B.P.) (Table 3-6,
Figure 3-8). The sites with probable ruderal sunflower
were Memorial Park, Pennsylvania (1130-940 B.P.);
Porcupine, Vermont (1890-250 B.P.); Tracy Farm, Maine
(350250 B.P.); and three New York sites: Lamb (1150-650
B.P.), Park Creek (1050400 B.P.), and Scudder (950-650
B.P.). The Ripley site and Early Fall site (570460 B.P.) had
small possible sunflower about 3.4 mm in length (Figure
3-9). At Early Fall site in Maine, the tiny seed in question
was found in association with maize, squash rind, bean,
hazelnut, acorn, bramble, sumac, elderberry, pin cherry,
grape, bristly sarsaparilla, bunchberry, Chenopodium spp.,
and other seeds. A Contact feature at Tracy Farm site in
Maine had a possible ruderal sunflower seed in associa-
tion with maize, squash rind, wild rye, and tick trefoil
seeds.

The Ripley site had one tiny partial sunflower achene,
one broken kernel, and one intact kernel (Figures 3-8, 3-9).

Mansfield Bridge site. PA

Lesastaies)

Ripley site. NY

Ripley site. NY

Scale bar = 1 mm

Figure 3-8. Helianthus annuus var. macrocarpus, domesticated sun-
flower

Early Fall site. ME

Scudder site, NY

Scale bar = 1 mm

Figure 3-9. Helianthus spp., wild/ruderal sunflower

The two kernels fit within the size range of small cultigen
sunflower achenes generally found at Ontario and New
England sites (Crawford and Smith 2003). The achene,
however, was smaller than the proposed size range for
the ruderal form of the common sunflower, Helianthus
annuus. Other possibilities, which remain to be consid-
ered, are that the seed is a wild H. divaricatus (rough or
woodland sunflower), which is common in dry wood-
lands, in thickets, and on banks (House 1924); H.
decapetalus (thin-leaved sunflower), which grows in moist
woods and along streams; or H. strumosus (pale-leaved
wood sunflower), growing in dry soil and on banks. The
root of the latter species was used by the Iroquois as a
medicinal plant (Moerman 1998:259).

Crawford and Smith (2004) show that achene sizes in
Ontario are smaller than expected from a comparison
with seeds grown in the Midwest; they also document a
latitudinal gradient in sunflower achene size with
decreasing achene size to the north. They suggest the
northeastern sunflower may be a small-seeded variety of
Helianthus annuus. It has been proposed that the
Northeast may also differ from the Midwest in how the
sunflower was utilized, primarily for ritual uses rather
than food (Bodner 1999). The measurement of sunflower
seeds from throughout the Northeast shows that many of
the seeds may have been from branched plants with mul-
tiple heads.

Polygonum erectum (erect knotweed)

Scudder site in New York (950-650 B.P.) is the first site in
the Northeast (exclusive of Ontario) where erect
knotweed has been identified. Erect knotweed was culti-
vated after about 2000 B.P. and eventually domesticated
in the midwestern U.S. The Scudder achene (Figure 3-10)
measured 2.4 x 1.8 mm, uncorrected for 20% shrinkage,
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Table 3-6. Helianthus spp., sunflower

Site Age B.P. Kernel/ Achene Uncorrected Corrected Size Index
Porcupine, VT 1890-250 kernel 3.0 1.8 3.9 2.6 10
Memorial Park, PA 1190-1120 kernel 3.9 1.7 5.1 25 13
Lamb, NY 1150-650 achene 3.9 1.7 4.3 2.2 9
Mansfield Bridge, PA 1130-940 achene 5.2 3.2 5.8 4.1 24
Park Creek Il, NY 1050-400 achene 3.8 2.5 4.2 3.2 13
Scudder, NY 950-650 achene 3.75 2 4.2 2.5 1
Thomas/Luckey, NY 650-500 kernel+ 7.3 3.2 9.5 4.4 42

" " kernel >5.9 3.1 >7.7 45 >35
Ripley, NY 650v300 achene 2.85+ 2.0 ~3.4 25 9

" " kernel >>4.1 2.5 >>5.3 3.6 >>19

" " kernel 5.8 3.3 7.5 4.8 36
Early Fall, ME 570-460 kernel? 2.6 1.4 3.4 2.0 7
Plus, NY 550-450 achene 6.6 3.1 7.3 3.9 28
Bailey, NY 550-290 kernel >5.2 2.7 >6.8 3.9 >27
Tracy Farm, ME 350-250 achene >3.8 2.2 >4.2 2.8 >12

Note: Yarnell (1978) suggests that wild sunflower achenes measure 4.5-5.0 mm in length, modern ruderal achene length is 4.0-7.0 mm, and cultivated achenes range
from 6 mm to more than 20 mm. Size in mm, corrected for shrinkage and missing pericarp by increasing achene length and width by 11% and 27%, respectively;
increasing kernel length and width by 30% and 45% (or more), respectively (Yarnell 1978 method). + = the pericarp layer was missing on one end of the achene.

Scudder site. NY

Scale bar = 1 mm

Figure 3-10. Polygonum erectum, erect knotweed, early season phe-
notype

Ripley site. NY: two views of one seed
— :

Modern White Burley

Bailey site. NY

Scale bar = 1 mm

Figure 3-11. Nicotiana spp., tobacco
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and it had the striate-puncticulate surface of an early sea-
son wild type seed (N. Asch and D. Asch 1985). Erect
knotweed grows in moist or dry soil and is locally com-
mon as a weed in waste or cultivated ground throughout
most sections of New York today. House (1924) mistaken-
ly identified it as a native of Europe.

Nicotiana rustica (tobacco)

Outside of Ontario, tobacco seeds are rarely found at
sites in the Northeast. In the beech-maple forest region
immediately south of Lake Erie and Lake Ontario in
New York, a single carbonized tobacco seed was recent-
ly identified from the Bailey site (550-290 B.P.) and a sin-
gle tobacco seed from Ripley site (650-300 B.P.) (Figure
3-11) (Asch Sidell 2004c, 2006d). The tobacco seeds pre-
viously reported by Bodner (1989) for the Ripley site
were actually blueberry seeds (Asch Sidell 2006d). One
tobacco seed has been identified in Late Woodland
deposits at the Memorial Park site in central
Pennsylvania, but not in the samples specifically
assigned to Owasco or Stewart components (Hart and
Asch Sidell 1996). No tobacco seeds have been recovered
from New England where it is known to have been
grown during the Contact period.

CHANGES IN FOREST COMPOSITION

On the Cumberland Plateau in eastern Kentucky,
Delcourt et al. (1998) documented an increase in charcoal
accumulation rates and in fire-tolerant oaks, chestnut,
and pines in pollen diagrams after 3000 B.P. that coincid-
ed with human occupation of rockshelters and cultivation
of native plants. In southcentral New York and northcen-
tral Pennsylvania, there is evidence both from wood char-
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coal and food remains that human activities altered the
natural vegetation through time at some locations. Three
sites that have both maize and early pre-maize occupa-
tions for comparison are the Memorial Park site in central
Pennsylvania, the Mansfield Bridge site in northernmost
Pennsylvania, and the Broome Tech site in southern New
York.

Memorial Park

The Memorial Park site is located in the Susquehanna
River valley at the demarcation line between the northern
hardwoods and the oak—chestnut forest zone. An increase
in the percentage of oak and hickory wood charcoal and
in seed density is associated with the presence of maize
agriculture and the growing of some species of the
Eastern Agricultural Complex (Table 3-2). Two-thirds of
the Late Woodland (1190-565 B.P.) seeds were from culti-
vated plants, including little barley, two domesticated
forms of goosefoot, one sunflower kernel, and one tobac-
co. The increase in oak and hickory wood charcoal in the
Early Clemson Island (1190-1120 B.P.) was accompanied
by an increase in the variety of nuts utilized (all seven
types that were available), the seed index (to 2.12 seeds
per g of charcoal from 0.03 in the Early Woodland
[3095-2830 B.P]), and in the variety of seeds (16 types vs.
one type in the Early Woodland), indicating more open
habitat for seed and fruit collection in the Late Woodland
occupations.

Mansfield Bridge

Mansfield Bridge is a multicomponent site located in the
Tioga River valley in northern Pennsylvania. Analysis of
plant remains focused on 17 Middle Archaic and
Terminal Archaic features (ca. 8780 to 4440 B.P.), and 18
features from an early Owasco household and ceramic
vessel construction area, with several dates falling in the
range of 1150 to 1130 B.P. Mansfield Bridge site is the first
Owasco site to provide good evidence that maize and
seeds of the Eastern Agricultural Complex as well as
squash/pumpkin were grown together in northernmost
Pennsylvania and, therefore, perhaps also in southern
New York state.

At Mansfield Bridge site, both the Archaic and early
Owasco levels were dominated by species of the hem-
lock-white pine-northern hardwoods forest. Hickory
wood and hickory nutshell were absent from the Archaic
samples. Floodplain and bottomland tree species were
slightly more abundant in the Archaic than in early
Owasco, as were species characteristic of disturbed
woods or thickets, such as cherry, hawthorn, and poplar.
However, the very low density of seeds in the Archaic
may indicate that there were few openings near the site
for growth of weeds and thickets. In the early Owasco,
seeds of plum, hawthorn, bramble, and sumac indicate

that there were areas of secondary succession near the site
that were not reflected in the wood charcoal.

Nutshell of various types made up a relatively large
proportion of the plant remains, 15% in the Archaic and
8% in the early Owasco. Nutshell was ubiquitous and
abundant in all occupations, although the types of nut-
shell in the Archaic (mostly butternut and hazelnut) were
different from those in the early Owasco (hickory, chest-
nut, acorn, beechnut, and bitternut hickory). Butternut is
a locally abundant species that tends to grow in rich or
rocky woods along streams. The presence of butternut
shell in the Archaic and its virtual absence in the early
Owasco may mean that the butternut grove was cleared
for the planting of crops or that it may have died out if fire
was used to clear an area for planting crops, both maize
and native domesticated seed plants. The use of fire
would favor hickory, oak, and chestnut trees, and all of
those nut types appeared in the Owasco samples.

The seed assemblage in the early Owasco occupation at
Mansfield Bridge site was dominated by domesticated
species and fleshy fruits, especially hawthorn, which was
found in 7 of the 13 house features. There was one domes-
ticated sunflower achene, three domesticated marshelder
seeds, and two phenotypes of goosefoot, one of which
was clearly domesticated. Unexpectedly, there were no
grass seeds. Maize field weeds were also lacking, unless
some of the goosefoot seeds were from weedy plants.
Three of the seven Polygonum (smartweed) seeds were
probably P. scandens (false buckwheat), a species that may
have been tolerated or even encouraged as a source of
edible seeds at some Clemson Island sites in
Pennsylvania. At Site 36Ti58 in central Pennsylvania, P.
scandens was more abundant and ubiquitous than any of
the native seed crops other than Chenopodium during the
Clemson Island phase (1050-650 B.P.) (Gardner 1993).

Broome Tech

At Broome Tech site in the wide floodplain of the
Chenango River in southern New York, there was an
increase in the percentage of oak, hickory, and chestnut
wood charcoal that coincided with maize agriculture
(Table 3-2). The Transitional (2900-2150 B.P.) and Late
Woodland (Owasco: 950-700 B.P.) occupations at Broome
Tech had a high percentage of oak and hickory wood
charcoal (as well as chestnut in the Late Woodland) and
those occupations also had a high nutshell index com-
posed of hickory nut, butternut, acorn, bitternut hickory,
and hazelnut. In contrast, the Middle Woodland
(19601050 B.P.) occupation at Broome Tech had a much
higher percentage of beech and maple wood charcoal,
with a very low nutshell index. That was the only occu-
pation with beechnut shell, which comprised 73% of the
Middle Woodland nutshell.

The Early Woodland abundance of oak and hickory
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charcoal was associated with a seed assemblage dominat-
ed by weedy species that can be of economic importance
— giant ragweed, goosefoot, tick trefoil, marshelder, and
false buckwheat. Although similar species were cultivat-
ed and collected in other parts of the eastern U.S. at that
time, none of the Broome Tech seeds were obviously
domesticated varieties. However, it seems significant that
there were two achenes of [va annua identified, yet there
are no species of marshelder that are native to southcen-
tral New York. If the Early Woodland occupation at
Broome Tech is interpreted as having engaged in growing
some native plants, perhaps with the accompanying use
of fire to keep the landscape open, then frequent burning
could have led to elimination of northern trees that are
intolerant of fire, such as beech, hemlock, sugar maple,
black birch, and even white pine. They are replaced by
trees that can sprout from the roots, such as chestnuts,
oaks, and hickories (Cronon 1983). Presumably occupa-
tion and burning of the site ceased for a period of time
prior to the Middle Woodland settlement, long enough
for the shade tolerant (and fire intolerant) beech and
sugar maple to fill in the gaps in the hypothesized
oak-hickory woodland. During the Late Woodland occu-
pation, with the presence of maize agriculture, there was
a return to dominance by oak and hickory wood charcoal
with an admixture of many other species. The nutshell
assemblage was again dominated by butternut and hick-
ory as in the Early Woodland levels, and the overall per-
centage of nutshell as well as nutshell density increased
above Middle Woodland levels. With the opening up of
the landscape for agriculture, seed density also increased.
About half of the Late Woodland seeds were from fleshy
fruits, including hawthorn, strawberry, blackber-
ry/raspberry, elderberry, and possibly blueberry, but
there were few seeds of the economically important
weeds and/or cultivated seed plants identified in the
Early Woodland at Broom Tech.

Other Bottomland Sites

Many floodplain locations in southcentral New York may
have elevated oak-hickory—chestnut wood charcoal lev-
els in the Late Woodland due to maize agriculture, but the
sites lack earlier occupations for comparison. Those sites
are Apalachin Creek (1050-850 B.P, 50% oak-hickory-
chestnut), Thomas Creek site (1150-650 B.P., 62%),
Deposit Airport I site (1250-750 B.P, 50%), and
Horseheads site (1050-450 B.P, 73%). The use of fire to
alter vegetation at bottomland sites was also proposed for
the Late Woodland Lamb site (1150-650 B.P.), which had
a unique abundance of wood, bark, cone scales, and nee-
dles from pitch pine, a fire tolerant species seldom found
in abundance in floodplain locations. At Scudder site
(950-650 B.P.), the wood charcoal assemblage unexpect-
edly was also dominated by pine wood, probably white
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pine. Braun’s (1950) maps of New York suggest the
Scudder site might have been located on a chest-
nut-oak-hickory terrace or in a floodplain forest at the
confluence of the Canisteo and Tioga rivers. However, the
archeobotanical analysis of wood charcoal, nut, seed, and
cultigen remains suggested the environment around the
site was quite different from Braun’s model. The Scudder
site is located in a bottomland, yet only 5% of the wood
charcoal was from bottomland species and 6% was from
species indicative of human disturbance. The abundant
pine wood (81%) in all contexts and white pine needles in
one feature were apparently not part of an upland beech-
maple-birch-pine-hemlock forest, because only the pine
component was represented. One possibility is that the
floodplain and terrace forest may have been cleared for
agriculture and the pine may have been present as a suc-
cessional species in previously abandoned maize fields.

CONCLUSIONS

In this chapter the impact of maize-based agriculture on
annual and perennial herbaceous plants and on woody
plant communities was examined first of all by demon-
strating the ubiquity of maize-based agriculture in the
Northeast from central Maine to central Pennsylvania
and New Jersey. Then by considering the relationship
between wood charcoal and forest region, nutshell and
nut trees, and seed use through time at 58 sites with 85
components, a clearer picture emerged of the impact of
maize agriculture in the various forest regions.

1. The most significant finding was that maize was
present at all but two of 33 sites with 38 components
postdating about 1190 B.P, regardless of the size or
function of the sites. The sites were essentially
selected at random by the nature of my work as a
subcontractor to numerous state and private agen-
cies, universities, and individuals. The two sites
without maize were inadequately sampled.

2. Cultivation of native seed plants co-occurred with
maize in central Pennsylvania, northcentral
Pennsylvania and southcentral New York. Little
barley (Hordeum pusillum) was grown at Memorial
Park site, Pennsylvania in components dating
between 1190 and 565 B.P, along with two types of
domesticated goosefoot (Chenopodium berlandieri
ssp. jonesianum), ruderal sunflower, and tobacco. In
northcentral Pennsylvania, domesticated marsh-
elder (Iva annua var. macrocarpa), domesticated sun-
flower (Helianthus annuus var. macrocarpus), domes-
ticated goosefoot, and pepo gourd/squash were
grown between 1150 and 940 B.P. at Mansfield
Bridge site in the floodplain of the Tioga River. In
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southcentral New York, domesticated goosefoot
was found with maize at Scudder site (950-650 B.P.),
located about 45 km downstream from (north of)
Mansfield Bridge at the confluence of Canisteo and
Tioga rivers. The easternmost occurrence of domes-
ticated goosefoot with maize was at Deposit Airport
I site (1250-750 B.P.) in the floodplain of the West
Branch of the upper Delaware River of New York,
approximately 15 km east of the Susquehanna
River.

3. Both domesticated goosefoot and wild /weed-type
goosefoot seeds occurred together at Mansfield
Bridge site in Pennsylvania, and Deposit Airport I
and Scudder sites in New York. At Mansfield
Bridge, the goosefoot occurred with domesticated
sunflower and domesticated marshelder, but at
Scudder, the sunflower seed was wild/ruderal
sized. Both wild /weed-type C. berlandieri and bare-
ly discernible amounts of ruderal sunflower (or a
small-seeded cultivar) spread throughout the
Northeast with the spread of maize agriculture, but
goosefoot was already present in anthropogenic
plant communities in Maine dating back to ca. 6500
B.P. (Table 3-3). Cucurbit and tobacco remains were
scarce in the archaeological record during Late
Woodland /Protohistoric times (Table 3-3).

4. In the New England section of the hemlock-white
pine-northern hardwoods forest region, there is a
long history of plant use dating back to Paleoindian
in Maine. Sites occupied prior to ca. 4200 B.P. had a
high percentage of fleshy fruits and a relatively high
seed index reflecting an anthropogenic environment
despite the lack of flotation sampling in some cases.
During this time, pepo gourd was imported (ca.
5695 B.P.), presumably from the central U.S. where it
was cultivated, and pepo gourd may have been
propagated in central Maine. Six pre-maize occupa-
tions from four sites in Maine also had C. berlandieri
among the seed remains, indicating that the pres-
ence of goosefoot at sites in the Northeast is related
to anthropogenic activities rather than the growing
of maize. The earliest occurrence of C. berlandieri
was at Ntolonapemk site in eastern Maine in the
Middle Archaic occupation (6460-6470 B.P.). Sites
occupied after 1000 B.P. in Maine had an elevated
seed index and increased variety of species relating
to the practice of maize agriculture.

5. Most samples of archaeological wood charcoal con-
sisted of a mixture of species that appeared to have
been randomly collected for firewood. The propor-
tion of each wood type varied between forest
regions, and between bottomland and upland sites.
For example, sites in the oak—chestnut region tend-

ed to have a far higher percentage of wood from
oak, hickory, and chestnut trees than did sites locat-
ed in the New England and Piedmont sections of
the hemlock-white pine-northern hardwoods for-
est region. Sites in the river valleys of southern New
York and northcentral Pennsylvania generally had a
higher proportion of oak, hickory, and chestnut
trees, as well as floodplain species, than did the
Piedmont upland locations. This could be because
of migration of southern species up the major river
valleys (Braun 1950). It could also be related to
burning of the bottomlands to clear forest for maize
fields.

6. The amount of nutshell at most sites was roughly
proportional to the percentage of oak, hickory, and
chestnut wood charcoal at the site. This observation,
together with the wide diversity of nutshell types
identified at most sites, is interpreted to mean that
nut resources were used for food whenever they
were available near a site, whether or not maize was
grown.

7. In southcentral New York, the upland vegetation
from the Late Archaic to the Late Woodland was a
rich mosaic of white pine and northern hardwoods
(beech, sugar maple, birch) intermixed with some
nut trees (chestnut, red oak, white oak, shagbark
hickory, bitternut hickory, butternut) and understo-
ry trees (hophornbeam). In contrast, some Late
Woodland sites in bottomland locations had a much
higher percentage of wood charcoal from oak, hick-
ory, and chestnut trees.

Based on a sequence of occupations at Broome Tech, it
was hypothesized that fire may have been used to keep
the floodplain terrace forests open for optimum mast pro-
duction and easier hunting (and perhaps for growing
native seeds crops) during the Transitional occupation
(2900-2150 B.P.), but the landscape reverted to the region-
al climax (mixed northern hardwoods-white pine—hem-
lock) before the early Middle Woodland (1960-1050 B.F.)
occupation (Asch Sidell 2002g). This was supported by a
change in wood charcoal species and in the types of nuts
collected (beechnut in the early Middle Woodland). Then,
with the opening up of fields for maize agriculture during
the Late Woodland (950-700 B.P.), the oak and hickory
trees, which are tolerant of repeated burning, may have
been selectively left to produce mast or the renewed use
of fire may have effected the change. The Broome Tech
site demonstrated the necessity of doing intensive inves-
tigations at stratified sites where differences in plant use
can be traced through time at the same location. As noted
earlier, many floodplain locations in southcentral New
York and northern Pennsylvania may have elevated
oak-hickory—chestnut wood charcoal levels in the Late
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Woodland due to maize agriculture, but the sites lack ear-
lier occupations for comparison.
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END NOTES

1. Only plant remains that were analyzed by Asch Sidell are included
in this study in order to control for any variation that might be attrib-
uted to different analytical methods.

2. The maize density is based on number of fragments larger than 2
mm per gram of total charcoal rather than per liter of soil. For many
sites, the volume of flotation samples was not readily available. The
use of an index based on charcoal weight rather than soil volume elim-
inates differences that may relate to excavation technique, such as
selection of charcoal concentrations as opposed to random sampling
within cultural horizons.

3 The term “smartweed” is used to refer to Polygonum spp. in Section
Persicaria, characterized by lenticular or trigonous achenes.
“Knotweed” is used to refer to Polygonum spp. in Section Polygonum
(Avicularia), characterized by mostly or all trigonous achenes, usually
unequally trigonous, that may be larger and different in shape and tex-
ture later in the season (Gleason & Cronquist 1991).

4 Early explorers often commented on the abundance of grape vines in
New England. Pierre Biard, in 1616, described grape vines in his trav-
els along the Maine coast and eastern Canada:

In several places we found the grape, and wild vines which
ripened in their season. It was not the best ground where we
found them, being full of sand and gravel, like that of Bordeaux.
There are a great many of these vines at St. John River, in 46° of
latitude, where are to be seen also many walnut and hazel trees,
and yet the under layer of soil is not good there. (Biard 1959)

The walnut trees would have been butternut, also known as white
walnut, which grow along the St. John River valley in Canada, disjunct
from the continuous range of butternut which extends into southwest-
ern Maine (Little 1971). It is interesting that the grape vines in eastern
Canada apparently grow on sand and gravel, as would have been the
case at Hedden 10,500 years ago.
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CHAPTER 4

SO LITTLE MAIZE, SO MUCH TIME:
UNDERSTANDING MAIZE ADOPTION IN NEW ENGLAND

by Elizabeth S. Chilton

New England archaeologists have pondered and
debated the role of maize horticulture in the region for
decades, more so since John Hart first organized the ses-
sion that we are commemorating here (Hart 1999a). At the
heart of the so-called maize debate is a general disagree-
ment over how to interpret the evidence at hand.
Certainly, most New England archaeologists agree that
we need more data on settlement patterns, more and
more careful flotation, and both better methods and bet-
ter funding for archaeobotanical analysis and radiocar-
bon dating. However, before we assess what we need for
the future, it is important to first assess the data we have
at hand. It is here that agreement among New England
archaeologists break down. The debate is often framed by
dichotomous reasoning centered on whether or not New
England Algonquian were sedentary farmers prior to
European Contact. Rather than summarize the maize
debate, as I have done elsewhere (Chilton 2006, 2002, and
1999), in this chapter I outline recent developments in
New England maize research. In doing so, my goal is to
highlight what I think are the key aspects and important
applications of this research.

“TOWNS THEY HAVE NONE”

When I began my research in the Connecticut River valley
in the late 1980s, I was primarily interested in the Late
Woodland and Contact periods (ca. A.D. 1000-1700). I
had previously worked exclusively in upstate New York,
and my assumption was that, through fieldwork, we
would find large or at least well-defined villages, similar
to what I had experienced in the Mohawk drainage (see
Snow 1995). At that time I was working with Arthur
Keene, Eric Johnson, and others on the University of
Massachusetts Archaeological Field School. We were
seeking to “tell a different story” (Keene and Chilton

1995) of the Contact Period, one that emphasized resist-
ance instead of accommodation, and one that “illuminat-
ed histories silences” (Handsman 1991). Our aim was to
“to write a history that emphasize[d] Native American
actions, initiatives, and variation in resisting, accommo-
dating and initiating change” (Keene and Chilton 1995).

As part of that project, in 1989 we excavated portions of
two contact period sites and one pre-Contact site in the
Connecticut River Valley. In beginning the background
research for this project, I was surprised to discover that
there were relatively few Late Woodland period sites
known in the middle (Massachusetts portion)
Connecticut River valley. From my experience working
on pre-Contact Iroquoian sites, my assumption was that
archaeologists had just been looking in the wrong place or
that these sites had been destroyed or buried, as
Hasenstab (1999) argues.

Excavations at the Pine Hill site in Deerfield,
Massachusetts, challenged these assumptions (Chilton et
al. 2000). Pine Hill was—and still is—the largest Late
Woodland period site professionally excavated in the
middle Connecticut River valley, and radiocarbon dating
suggests that the main use of the site was between ca.
A.D. 1400 and A.D. 1600 (Chilton et al. 2000). Portions of
the site were excavated as part of the University of
Massachusetts Archaeological Field School, every other
summer from 1989 to 1997. Over those years, we identi-
fied 21 storage or food processing features, and recovered
more than 200 kernels of charred, 8-row maize.
Nevertheless, instead of large, permanent dwellings, we
found an overlapping pattern of small, seasonal encamp-
ments. Floral and faunal remains from the site were
diverse and included butternut, hickory nut, squirrel,
moose, huckleberry, and raspberry. These remains indi-
cated an early summer through fall occupation of the site,
even though it was clear that people returned to the site
for many years (Chilton et al. 2000).
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The macrobotanical evidence from this site made it
clear that the presence of maize on archaeological sites
and the time period of occupation itself is not enough to
allow us to interpret the importance of domesticated
plants in pre-Contact economies. For example, all of the
200+ kernels of maize came from one pit feature and, in
fact, could have been from one only cob (Chilton 1999).
Furthermore, while there were numerous maize kernels
in one of the 21 pit features, we had far more butternut
shells and squirrel bone fragments than we had maize
kernels. It was clear that we needed to look beyond a sim-
ple quantification of the macrobotanical remains in order
to make interpretations of diet.

CERAMICS AS PROXIES FOR SUBSISTENCE
CHOICES

As a result of what was, in retrospect, an obvious assump-
tion—that one can not tell the importance of maize sim-
ply from the number of kernels found at a site—for my
dissertation research, I undertook a ceramic attribute
analysis of pottery from the Pine Hill site (Chilton 1996,
1998). As part of this research I examined attributes for 56
minimum vessel lots from the site. I then compared the
results from the Pine Hill site to vessel lots from the Guida
Farm site, in Westfield, Massachusetts, and the Klock site,
an Iroquoian site in the Mohawk Valley. My goal was to
test whether ceramic attributes can help shed light on the
“intended uses” of pots (Chilton 1996). Those results
strongly suggested that Iroquoian pots were intended to
be—and, in fact, were functionally ideal-—cooking pots
for maize. In contrast, Algonquian pots from Pine Hill
and Guida Farm were more diverse in nearly every attrib-
ute analyzed, but were otherwise not ideal cooking pots.
I suggested that this reflected a lack of subsistence spe-
cialization for New England Algonquians, and that the
diversity of pottery from the Connecticut River valley
underscored mobility of settlement and fluidity of social
boundaries. I subsequently proposed a model of “mobile
farming” for Algonquians of the New England interior
during the Late Woodland period (Chilton 1999), which I
discuss below.

MOBILE FARMERS

The mobile farming model is based on the extant archae-
ological data for New England (Chilton 1999). It presup-
poses that in light of new data, the model should be
reassessed. It is not based on a “natural state model”
(Hart 1999b), in that it does not assume that maize farm-
ing necessitates sedentism, significant changes in diet, or
social hierarchy. An underlying assumption of the model
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is the perspective that “domestication can be measured
more by its performance than by its consequences”
(Terrell et al. 2003:325). Thus, looking for evidence for
domestication in the plant remains alone is a false quest;
instead, we need to look to the archaeological, social, and
environmental landscape in its entirety, which necessi-
tates an understanding of settlement patterns and pale-
oenvironment (Chilton 2002).

The mobile farming model is as follows: Native peoples
of New England began to grow maize around A.D. 1000
or just before (this date is based primarily on AMS dates
for maize since we lack stable isotope or other compara-
ble data for the region). It was incorporated into an essen-
tially hunting and gathering lifestyle, and while maize
may have been ideologically and socially important to
Native peoples during the Late Woodland period (ca.
A.D. 1000-1600), it did not serve as a staple crop.

Evidence in support of the model includes the follow-
ing:

¢ Late Woodland period settlements in New England

are generally small, and dispersed, and seem to
have been occupied for a season or two at a time, at
most.

* There is no archaeological evidence for year round
settlement during the Late Woodland period, except
along the coast in some protected harbors. In those
cases, the diet seems to have been centered on mar-
itime resources.

* Structures on Late Woodland sites are small and
ephemeral, and do not support a model of seden-
tism. There are a few cases of “longhouse” struc-
tures in New England, but they are either isolated
structures or the dating is questionable. No evi-
dence for pre-contact clusters of large, permanent
structures has been reported in New England.

* Floral and faunal evidence on Late Woodland sites
indicates a varied diet consisting of a wide variety
of nuts, seeds, fruits, fish, shellfish, reptiles, and
both large and small mammals. In terms of sheer
quantity of macrobotanical remains, nuts often pre-
dominate.

* Analysis of archaeological ceramics indicates that
they were manufactured in a wide variety of social
and environmental contexts, lending further sup-
port to a certain degree of mobility throughout the
year. The morphology of the pots also suggests that
they are not specialized cooking pots, but were used
for cooking and storing a wide variety of sub-
stances. In contrast, Iroquoian ceramics embody
their use as specialized cooking pots for maize.

e Osteological evidence is sparse, but suggests that
Native people had a varied diet and had generally
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very good health throughout the Late Woodland
period. There do not appear to have been signifi-
cant changes in dental or dietary health beginning
with the Late Woodland period or at any point in
prehistory.

While there has been much debate on this model over
the past decade (see Hart and Rieth 2002), no evidence
has been found in the middle Connecticut River valley—
or anywhere in New England—for large, sedentary farm-
ing villages.

STABLE ISOTOPE ANALYSES

When I went to Harvard University in 1996, right after
completing my dissertation, I found myself in the compa-
ny of archaeochemists, including my distinguished col-
league Nikolaas van der Merwe. In many conversations,
van der Merwe challenged me to ask more probing ques-
tions of the mobile farmers model. How long had New
England Algonquians been growing maize? Had there
been stable isotope analyses of human remains from the
region? If stable isotope analyses on human remains were
not possible, then what about non-human proxies? And
why did there seem to be such a discrepancy between
AMS dates on maize and standard radiocarbon dates on
wood charcoal? For the next several years, my attention
turned to issues of chronology and chemistry.

Bone chemistry would certainly provide an important
independent test for the mobile farming model. Bone
chemistry has been used in many cases to address ques-
tions about the relative proportion of various plant and
animal foods in the diet, as well as mobility in general.
Stable isotope analyses of bone collagen from sites in
southern Ontario and New York indicate that maize was
a dietary staple in these regions by ca. A.D. 1000
(Katzenberg et al. 1995; Schwarcz et al. 1985). Harrison
and Katzenberg (2003) demonstrate that while maize was
introduced into the diet by ca. A.D. 500, perhaps as a
trade item, stable isotope analysis indicates that it did not
become a staple until ca. A.D. 1000 in Ontario. Stable iso-
tope analysis of human remains is the most direct and
accurate way to determine the proportion of maize in the
diet; one can assess the relative importance of maize, as
well as other types of plants and animals, in the diet using
the ratios of carbon and nitrogen in bone (van der Merwe
1982). Stable isotope analysis of human remains from the
New England coast indicate that, while maize was
present, it did not apparently constitute a large portion of
the diet (Little and Schoeninger 1995). The destructive
analysis of human remains in New England is not cur-
rently feasible due to NAGPRA, institutional collections
policies, and out of respect for the wishes of many tribal
groups. While the stable isotope analysis of dog remains

may provide a reasonable proxy for human diet (Chilton
et al. 2001), a sufficient sample of late prehistoric dog
remains from the New England interior has not yet been
identified. In a collaborative project that I undertook a
few years ago, there was apparently quite a bit of vari-
ability in the amount of maize consumed by dogs in the
Northeast (Chilton et al. 2001), although this was a rela-
tively small sample.

WHAT’S IN A DATE?

I have often been asked why it really matters when New
England peoples adopted maize, given that I am far more
interested in the why and how. The reason that the
chronology of maize dates matters is that if maize was
adopted and grown for 1,000 years—as opposed to say
200 years—before European Contact, then that would
have important implications for how we interpret the
seeming lack of intensive maize horticulture. Is mobile
farming simply a reflection of a lack of expertise or expe-
rience in growing maize? Or was it a “cultural choice,” as
I have suggested elsewhere (Chilton 1996, 1998)?

While we have learned quite a bit in the last few years
about the chronology of the introduction of maize to
northeastern peoples, the connection between the
chronology of adoption and the importance of maize in
Native economies is less than clear. In New England, we
have direct dates on fewer than two-dozen maize sam-
ples, even though nearly 70 sites with maize have been
reported. Elizabeth Little (2002) clearly demonstrated that
most of the calibrated radiocarbon dates for maize cluster
around ca. A.D. 1300-1500. My subsequent AMS dating
of an additional eight sites confirmed this general cluster
of dates, though there are a few dates that hover around
cal. A.D. 1000 (Chilton 2005, 2006). While the pre-contact,
direct maize dates cluster between cal. A.D. 1300-1500,
the earliest dates for wood charcoal associated with maize
are in the range of cal. A.D. 1000. Possible explanations for
the lack of agreement between direct and associated dates
include: (1) the wood charcoal found in association with
cultigens may have been from “old wood” or an inner
ring of a tree, which produces an older radiocarbon date
(Schiffer 1982); or (2) post-depositional bioturbation or
stratigraphic mixing that is not detectable by the excava-
tors. Regardless of the interpretation of this phenomenon,
direct dating of cultigens using AMS is critical for estab-
lishing an accurate chronology for the adoption and
spread of maize horticulture in the region and, more
broadly, in the Americas (Fritz 1990, 1994; Hart and Scarry
1999; Long et al. 1989).

Having more direct dates on maize kernels, however,
will not ultimately answer the question of chronology.
The earliest radiocarbon date for archaeological maize in
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a region does not necessarily indicate when maize was
first introduced (Hart 1999b). Maize may have been
grown in New England long before we have evidence for
it. The recovery of maize depends on the use of proper
recovery techniques (i.e., flotation), the intensity of sam-
pling, the intensity of maize use at the site, and whether
or not it was burned before it entered the archaeological
record (Hart 1999b, this volume; Hart and Means 2002).
Thus, radiocarbon dates on maize give archaeologists a
latest possible date for maize adoption and needs to be
interpreted within the context of other subsistence and
settlement data.

RESIDUE ANALYSIS

Aside from dating macrobotanical remains, there are
other—perhaps more accurate—ways to get at chronolo-
gy. Stable isotopic and phytolith analyses of ceramic
residues also hold great potential for adding to the avail-
able body of evidence for maize horticulture. The pres-
ence of maize and squash phytoliths in pottery residues
suggests the use of maize by Native peoples in New York
State more than 2,000 years ago, far before the oldest mac-
robotanical evidence would indicate (Hart et al. 2007a;
Thompson et al. 2004).

Stable isotopic analysis of pottery residues has been
more problematic, and there is often little evidence of C4
plants (maize) in pottery residues (Morton and Schwartz
2004: 515). Hart et al. (2007b) suggest that there is a “non-
linear relationship between the proportion of maize
cooked in a pot and the resultant 13C value of the
residue.” They suggest that prior knowledge is needed of
the types of foods that were cooked in the pot, under-
scoring the importance of phytolith analysis (Hart et al.
2007b). These techniques will give us an earliest mean
date for maize use, but they will not ever be able to give
us an understanding of either the exact proportion of
maize in the diet or the chronology of settlement and cul-
tural changes.

SETTLEMENT PATTERNS

At the risk of sounding old-fashioned, I want to empha-
size the importance of settlement patterns for putting all
of the archaeobotanical, archaeochemical, and radiocar-
bon data into context. Certainly, the most important bod-
ies of evidence that we have for interpreting degrees of
sedentism and overall economy are settlement patterns,
that is, the patterning of structures and features within an
archaeological site and the distribution of sites across the
landscape in time and space. Settlement pattern data are
not plentiful for New England, especially in comparison
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to Iroquoian sites from neighboring New York and
Ontario. This is in part due to historic disturbance, ama-
teur digging, the scarcity of regional surveys, and geo-
morphological processes (Chilton 1999). There is little evi-
dence for structures, much less villages, on Late
Woodland (ca. AD 1000-1600) period sites in New
England. For the New England coast, as Ceci (1979-80)
and Luedtke (1988) suggest, there is no evidence for set-
tled village life prior to European contact. There is evi-
dence for year-round or nearly year-round habitation in
some protected harbors on the coast beginning in the Late
Archaic period (ca. 50001000 B.C.) (Bernstein et al. 1997;
Bernstein 1993, 1999; Gwynne 1982), but this coastal
sedentism is not a process that appears to be associated
with the adoption of horticulture. Instead, because this
process began in the Late Archaic period—long before the
introduction of cultigens—it is likely that the year-round
availability of both marine and terrestrial resources in
these areas was the impetus for increasing sedentism.

For the New England interior, identifying postmolds
on any archaeological site is rare; postmolds tend to be
small, relatively shallow, and they are often disturbed by
the typically deep and extensive plowzone. Rarely do
these postmolds form a pattern that can be used to iden-
tify structure size or shape (see Chilton et al. 2000). For the
most part, postmold patterns seem to indicate short-term,
wigwam-type structures, and the overlapping nature of
these structures and features, as well as a general lack of
well-defined middens, indicates repeated seasonal use of
site locations over time (Chilton et al. 2000). There is evi-
dence for fairly large—although not necessarily year-
round—Late Woodland sites in the lower Connecticut
River valley, but these lack published settlement pattern
data, making them difficult to evaluate (e.g., Lavin 1988).
Occasionally there is evidence for large structures, or
what have been call “longhouses” by some, in New
England but these are rare occurrences, and they seem to
represent multi-seasonal and potentially multi-compo-
nent sites (e.g., the Goldkrest site in New York [Largy et
al. 1999] and the Tracy Farm site in Maine [Cowie 2000]).

Of course one cannot judge the importance of maize
simply from the size of houses. But intensive maize farm-
ing certainly requires a certain degree of sedentism, and it
is this relationship between settlement and subsistence
that apparently remains quite flexible in New England
right up to the Contact period.

BROADER IMPACTS OF MAIZE RESEARCH
IN THE NORTHEAST

“In the end we need to look broader for evi-
dence of how the landscape itself was and is
domesticated” (Terrell et al. 2003:349)
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Understanding the timing of the adoption of maize by
Native peoples is more than simply academic curiosity or
professional debate: it has important implications for
understanding the relationships among sedentism, farm-
ing, and social complexity in the region, and—more
important—it has implications for understanding post-
Contact Native history and contemporary Native issues
in the region. A strategy of mobile farming with fluid
social boundaries has important implications for how
New England peoples have lived since European Contact
(Bruchac and Chilton 2003; Chilton 2005). The more
sedentary, tribal, Iroquoian peoples of upstate New York
have fared better in the face of contact, at least if one
measures success in terms of federal recognition, reserva-
tions, and historical continuity. The Iroquois were more
formally recognized by Europeans during the initial
Contact Period, in part because Europeans understood
(relatively speaking) their use of land (intensive farming)
and political organization (a form of representational
government). In contrast, the English clearly did not
understand the type of horticulture that was being prac-
ticed by New England peoples. Many of the New
England planting fields would have seemed quite disor-
derly to Europeans, who at the time of Contact were more
accustomed to intensive farming. In fact Europeans
believe that New England’s Native peoples were not
“improving” the land (Locke 1980[1690]) and used this as
an implicit justification for the taking of land. Europeans
also did not understand or appreciate the more egalitari-
an social organization of New England peoples. This in
turn affected the ways that Europeans treated them dur-
ing the Contact Period and led to their near invisibility in
historical writings after the end of the seventeenth centu-
ry (Bruchac and Chilton 2003; Stein, this volume).

Likewise, the reason that so few groups in New
England have received federal recognition is that the fed-
eral recognition process requires that native groups first
establish their identity as a “tribe,” with distinct social
boundaries and a well-documented history, and that they
then demonstrate some measure of cultural continuity.
Federal recognition has important implications for tribal
sovereignty and for land claims. The lack of federal recog-
nition for Native groups in New England today also has
serious implications for the repatriation of human
remains and other objects under NAGPRA, the Native
American Graves Protection and Repatriation Act (Public
Law 101-601).

It is clear that we cannot make assumptions about what
happened in New England after the adoption of maize on
the basis of what happened in other times and places
(e.g., the Iroquois). Instead, we need: (1) an accurate and
detailed chronology for the adoption of maize and other
tropical cultigens; (2) an accurate chronology for other
major subsistence changes over the last 3,000 to 4,000

years, most importantly, the possibility of the cultivation
of indigenous plants (e.g., chenopod, sunflower) (Asch
Sidell, this volume); (3) an understanding of important
environmental changes and subsistence choices that may
have affected (or were the cause of) the adoption of maize
during the Late Woodland period; and (4) a clear under-
standing of settlement and social changes (e.g., changes in
level of sedentism, social boundaries, movement of peo-
ples, etc.). Some of this will be gleaned from archaeo-
chemistry and radiocarbon dating, and other equally
important information will be gleaned from oral histories,
historical research, and archaeological theory.

Based on the evidence we have at hand, pre-Contact
New England provides us with an example of a society
that is at once complex but not necessarily socially strati-
fied, committed to horticulture but not necessarily living
in year-round settlements. Thus, regional archaeologists
have much to contribute to worldwide discussions on the
causes, effects, and cultural choices involved in farming.
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CHAPTER 5

DICHOTOMIES AND THE “MAIZE DEBATE”
IN LATE WOODLAND AND CONTACT PERIOD SOUTHERN NEW ENGLAND

by Ninian R. Stein

One of the largest controversies in New England archae-
ology is over the extent and intensity of Native American
maize cultivation in inland areas during the Late
Woodland Period ca. 1000-1600 A.D. (Bendremer 1999;
Chilton 1999, 2002). This controversy can be seen outside
of archaeology in contradictory academic and popular
culture depictions of New England Native American sub-
sistence, ranging from large scale maize farmers in some
retellings of the Pilgrims’ story to pure hunter-gatherers
in other depictions. Perhaps one of the reasons that sub-
sistence in pre-Contact and Contact Period New England
has been so controversial is because it challenges several
English cultural dichotomies that persist as powerful
remnants in our culture to this day. Specifically, Native
American subsistence during the Contact Period ca. A.D.
1600-1700, challenged the English concepts of “nature”
versus “culture” and the related dichotomy of “cultiva-
tion” versus “foraging.”

Despite early attempts to essentialize New England
Native American subsistence into the nature/foraging
categories, the ongoing debates indicate that for centuries
this system has defied attempts to fit it smoothly into
these constructs. Examining how pre-Contact subsistence
breaks down these dichotomies can tell us a great deal
about the dichotomies and the reasons for their construc-
tion and reconstruction over time. Perhaps understand-
ing how Late Woodland Native subsistence challenges
these systems can also help us to understand more of the
reasons behind the controversy in archaeology today.
Interwoven issues tied into the Western concepts of
nature/ culture and cultivation/foraging that will also be
addressed in the course of this chapter are sedentary ver-
sus mobile lifestyles, labor, and concepts of social com-
plexity. This chapter will primarily address societal
underpinnings of the “maize debate” as well as the topics
of settlement patterns, labor, and social complexity.

SUBSISTENCE PATTERNS IN LATE
WOODLAND NEW ENGLAND AS LIMINAL

“Our approach, in essence, has been to accept
the uncertainty— to let the obstacles leap out
at us— and then, by unravelling their diverse
institutional origins, to convert those obsta-
cles into development signposts. In other
words, the vast uncertainty itself is key.”
—Thompson, Warburton, and Hatley,
Uncertainty on a Himalayan Scale (1986:5)

As Thompson, Warburton and Hatley indicate, some-
times the fact of persistent uncertainty or conflict can
itself be revealing (1986:5). In many cases, the study of
conflict reveals political factors leading different groups
to view the same data from divergent perspectives as
could be argued has perhaps occurred at times in discus-
sions of subsistence in Late Woodland New England. In
this case, however, the conflict over pre-Contact maize in
popular culture, history, and archaeology goes beyond
political factors to point to societal and cultural level
norms and dichotomies as well as inherent characteristics
of subsistence at that time period. This chapter argues
that pre-Contact subsistence for some Native American
groups in some parts of New England was in a liminal
state between the Western categories of foraging and cul-
tivation. It is important to state from the beginning that
this liminal state is not necessarily a transitional state as
archaeologists studying similar liminal states sometimes
imply.! Moreover, archaeologists discussing groups who
have some of the characteristics of foragers and some of
the characteristics of cultivators tend to consider these
groups as in a specific transition— headed toward com-
plete dependence on cultivation. In New England, how-
ever, there is little firm evidence in many areas to support
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the notion of subsistence in transition until the Contact
Period. One of the difficulties for many archaeologists in
understanding New England maize cultivation is that
there is no good evidence to support “pure” forms of
either agriculture or foraging. Pre-Contact subsistence in
New England is so controversial because it is liminal to
Western categorizations, possessing some of the charac-
teristics of both foraging and cultivation. This section
looks at the conflict over the subsistence system and evi-
dence for liminality and non-transition of subsistence pat-
terns in Late Woodland New England.

As liminal is a term not usually applied to subsistence
systems, it is important to begin by defining the concept
as it relates to subsistence. The etymology of the word is
that it is derived originally from the Latin word for
threshold. The definition of liminal used here is “of or
pertaining to the threshold,” which means intermediary
between, or encompassing aspects of two or more cate-
gories.2 Hence, dawn is liminal between night and day, a
transitional example, whereas, a farm that has one field in
wet rice and the second in swidden dry rice could be
described as liminal between swidden and sawah, but not
automatically in transition toward one or the other. It is
important to indicate that New England subsistence can
be considered liminal or between categories only by
Western systems of dichotomization. There is no evidence
to indicate that Algonquian-speaking Native peoples in
New England considered foraging and agriculture to be
dichotomous resource acquisition strategies.3

Liminal here is intended to be a non-transitional term.
The threshold of a house never becomes either the outside
or the inside of the house but remains between the two.
Similarly, a liminal subsistence pattern does not have to
be in the process of becoming either of the states it encom-
passes. It is also important to note that the phrase non-
transitional is not being used in this context to imply ahis-
torical or without change. What is meant in this case by
non-transitional is that there is no solid evidence that Late
Woodland subsistence patterns were in middle of a tran-
sition or even headed toward a transition at the time of
the earliest contacts with Europeans in the late 1500s and
early 1600s. The view of the liminal state as non-transi-
tional is not ahistorical, it simply counters the tendencies
of most archaeologists and historians to assume that
states between foraging and agriculture only exist if they
are in active transition to agriculture. Despite the inter-
pretations of archaeologists like Benison (1997), there is
little solid evidence that the liminal subsistence patterns
in New England were changing immedjiately prior to con-
tact with Europeans.

It is also worth looking at the definitions of cultivation
and foraging. For the purposes of this argument, I will
use the term “foraging” to refer to all non-cultivation-
based systems of hunting and gathering or edible
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resource procurement. The etymology of cultivation is
from a sixteenth-century French noun of action, “cultiver,”
which in turn is derived from Latin “cultus.” According to
the Oxford English Dictionary, the definitions of cultiva-
tion are:

1. a. The tilling of land; tillage, husbandry. Also
attrib., as cultivation field, system; cultiva-
tion bank, terrace, a bank or terrace formed
either naturally or artificially on a cultivated
hillside;

b. Improvement (of land); increase of fertility.
Obs. rare.

2. a. The bestowing of labour and care upon a
plant, so as to develop and improve its qual-
ities: the raising of (a crop) by tillage.

3. a. The devoting of special attention or study to
the development of, or to progress in (a
branch of knowledge, a person’s acquain-
tance, etc.).

4. The developing, fostering, or improving (of the
mind, faculties, etc.) by education and training;
the condition of being cultivated; culture,
refinement.

—(From the 3rd Ed. of the OED)

It is interesting to note that the term “cultivation” refers
to both the act of tending plants and to culture in the more
anthropological sense, a linkage that will be discussed
further in the section on the nature/culture dichotomy.
The terms “hunting” and “gathering” as well as “forag-
ing” also have definitions and problematizations to keep
in mind. Ingold (1996:148) describes the traditional rela-
tionship between foraging and cultivation by saying
“quite simply, foraging describes an interaction within
nature, production describes an imposition upon nature of
ideal form.” He then goes on to challenge the term “for-
agers,” writing, “Neither foraging nor production is an
adequate description of what hunters and gatherers do,”
and endorses Bird-David’s (1992) suggestion of the term
“procurement” in its place. Keeping these definitions and
problematizations of the terms in mind, the next step is to
look at the archaeological evidence for these behaviors in
New England.

Stepping outside of the debate to look at the actual
archaeological evidence for subsistence in New England
reveals that all of these systems utilized combinations of
strategies, including in all cases some hunting and gath-
ering as well as collection of marine or estuarine resources
and some cultivation.’ Looking at the site reports for
inland sites considered by some scholars to have a high
reliance on maize cultivation reveals evidence for forag-
ing strategies as well in the presence of numerous wild
resources including deer, nuts, and berries among other
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foodstuffs. Coastal areas had previously been considered
to have the lowest utilization of cultivation and rely pri-
marily on foraging for marine and terrestrial resources
(Little and Schoeninger 1995). However, even in coastal
systems there may have been small amounts of cultiva-
tion of maize, perhaps for ritual purposes, as evidenced
by the fact that the only Native maize field excavated to
date comes from Cape Cod, Massachusetts (Mrozowski
1994). A recent article by Little (2002:115) furthers the
argument for maize cultivation in coastal areas.

Archaeologists have traditionally recognized states that
are on this continuum between cultivating and foraging
primarily in the contexts of transitioning to agriculture—
liminal states assumed in this context to be transitional.
Historically, anthropologists and archaeologists begin-
ning with Morgan and Tyler tended to interpret cultural
development on evolutionary or progressive schema that
had cultures moving from lower stages of hunting and
gathering to “more advanced” cultivation (Morgan 2000
[1877]:3). As a consequence of placing these as discrete
stages, states in between were interpreted historically not
on their own merits but as transitioning in one direction
or another. Leach (1954) may have been one of the early
scholars to describe a group not in transition between the
categories while Smith (1998; 2001) has been an important
archaeological voice on this topic. Although awareness of
the topic has begun to change gradually within the disci-
pline, Terrell et al. (2003:325) state that

left basically unchanged and unquestioned is
the old idea that archaeologists should pin
down when and where some of the earth’s
ancient inhabitants finally stopped behaving
like foragers long enough and successfully
enough that the fortunate archaeologist who
discovers their remains can label them
posthumously as “the world’s first farmers.”

The idea that states on this continuum might not be in
transition or that cultures might go the other way along
the continuum is gaining ground in anthropology today.

The subsistence patterns in southern New England do
not necessarily appear to have been in transition. This is
not to say that the subsistence patterns were static, but
that there is little good evidence that they were headed
toward either “pure” agriculture or complete reliance on
foraging. Archaeologists like Benison (1997) who argue
for subsistence being in transition to a heavy reliance on
agriculture have no solid evidence indicating that such a
direction was taking place in many parts of New
England. The quantitatively largest amount of archaeo-
logically recovered evidence for large-scale maize cultiva-
tion comes from the Burnham-Shepard site in
Connecticut, with a total of 1,500 kernels (Bendremer

1999:136). As Chilton (1999:160) argues, with approxi-
mately 240 kernels per ear of Northern Flint maize, this
cache could easily have come from perhaps five ears of
maize, hardly the quantity one would expect from large-
scale cultivation. Reconsidering the locations of the ker-
nels in the Burnham-Shepard collection and their spread
across 16 different contexts (Bendremer 1993), I would be
inclined to argue for a minimum of closer to 14 ears, high-
er but still within garden production quantities. As the
second largest site, Morgan has at most 100 kernels repre-
sented, and the majority of the remaining 39 sites with
maize that Chilton (1999:159) lists for the Late Woodland
Period have mostly 1-5 kernels each. Chilton (1999:160)
argues that it is unlikely that there is a correlation
between presence of a cultigen in the archaeological
record and its proportion in the diet. On a similar vein, I
would argue that despite the acidic New England soils,
one would expect that if maize were truly being grown on
a large-scale basis that there would be larger quantities
than a few kernels per site represented in the archaeolog-
ical record (see Hart this volume). One would also expect
a higher recovery rate for indirect evidence of large-scale
maize cultivation, including larger quantities of identifi-
able tools related to cultivation (stone or shell hoes, etc.),
a topic I am currently researching. To address this ques-
tion, I am also turning to other lines of direct evidence
including working with Youngsong Huang and Juzhi
Hou of Brown University’s Geochemistry laboratory on a
proof-of-concept for the idea of maize leaf wax residues in
pond sediments as a possible additional source of data.
Paleoethnobotanists have at their disposal a set of
potential tools for interpreting from data such as quanti-
ties of maize kernels at a site. Popper (1988:53ff) presents
a number of tools used to extrapolate from quantities of
remains including “absolute counts, ubiquity, ranking,
and diversity” as well as ratios. As discussed above, one
of the problems with the maize debate to date has been a
tendency to disagree over the interpretation of maize ker-
nels based on absolute counts from archaeological sites.
Ubiquity is equally challenging to apply as one immedi-
ately encounters the large number of Late Woodland sites
in southern New England without recovered maize
remains (but see Asch Sidell this volume). Ranking as a
method is, according to Popper (1988:66), most useful for
larger quantities of recovered remains from comparable
contexts that can then be divided into different assigned
ranks. The samples at hand are mostly in amounts too
small to be ranked successfully (0-5 kernels) and any
attempt at ranking sites indicates the same as absolute
counts that Burnham-Shepard and Morgan have more
maize than other excavated Late Woodland Southern
New England sites. Diversity, according to Popper
(1988:69), similarly “requires high counts for each taxon,”
making it potentially problematic given the low counts of
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maize involved at most sites under consideration. Ratios
stand out as a possibility for further consideration.

One of the challenges of interpretation for maize remains
in Late Woodland southern New England is the difficulty
of locating a ratio or other technique that will allow com-
parison across such a large range of sites with radically dif-
ferent preservation and even excavation techniques. The
maize recovered from the Muskrat Hill site in the 1930s by
Coffin (1940), for example, was recovered under radically
different conditions from the modern excavated and float-
ed Morgan site (Lavin 1988) in the Connecticut River val-
ley. Not even charcoal counts, according to Miller (1988:75)
a preferred method for standardizing ratios, are available
for all Late Woodland sites, as collections from far too
many sites excavated early in the twentieth century do not
preserve all of the excavated charcoal.

In addition, Pearsall (1988:108) encourages us to con-
sider “the source of the remains” in interpreting quanti-
ties of archaeobotanicals. In New England, maize as an
introduced domesticate incapable of surviving winters on
its own, has to be anthropogenic in origin. One remaining
question about source is the difficult to answer question
of whether maize kernels were intended for daily con-
sumption or ritual purposes like the Green Corn
Ceremony. The other question about source is clearly
taphonomy and the numerous ways in which post-depo-
sitional processes effect the preservation and recovery of
maize from Late Woodland southern New England (see
Hart, this volume). Sites like Burnham Shepard and
Muskrat Hill have such different taphonomic processes
due to factors like proximity to the ocean, flooding from
the Connecticut River or the presence or absence of shell
middens that a general discussion is almost meaningless
and a specific discussion would require a separate article.

Admittedly, following contact with Europeans some
Native peoples did choose to adopt large-scale maize cul-
tivation particularly in a few coastal trading sites. Bradley
(1987), however, argues based on the role of trade goods
that this may have been an attempt to enlarge an already
existing set of indigenous trading networks to include
European demands.® Choices made by Native peoples
after Contact should not be mistaken for directions that
were inevitable before Contact. History is not moving
toward a particular goal, and it is ill advised to assume
that just because trade networks and maize cultivation
expanded in coastal areas due to European ships that
these expansions into agriculture were a path being taken
before Contact. In fact, the example of the Mashpee
Wampanoags, many of whom combined foraging, culti-
vating, and wage labor subsistence patterns into the early
twentieth century (Campisi 1991), indicates that com-
bined strategies may have continued to be preferable for
survival.

A number of possible explanations exist for this recog-
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nition of one subsistence strategy over another when both
are present. Dove (1999) sees the tendency to overlook
one subsistence strategy in favor of another when both
are to some degree present as being in part due to privi-
leging of one strategy over another by local groups for
historical reasons. Similarly, anthropologists, archaeolo-
gists, and other observers may themselves be privileging
one resource strategy over another in their own observa-
tions.” I believe it is due to the fact that anthropologists
and archaeologists, as products of Western civilization,
are accustomed to looking for cultivating versus foraging
societies, not for societies who comfortably utilize both
strategies with few signs of change. There may again here
be an influence from evolutionary theories of early
anthropologists like Lewis Henry Morgan, who catego-
rized societies into what he believed to be a progressive
scale, the first criteria for which was the adoption of agri-
culture (Morgan 2000 [1877]:3). Marxist archaeologist V.
Gordon Childe, pioneer in the study of domestication,
also appears to have considered farming more evolved
than foraging and helped solidify these as distinct stages
in early archaeological literature (Childe 1951; Pluciennik
2001:748). Brody (1981:52) writes “the academic voice
added to a prejudice that made it impossible for
Europeans to see hunting societies as real economic sys-
tems.” Finally, liminal states where strategies of both for-
aging and cultivating are used can be hard to see if
observers are expecting a dichotomy.

CULTIVATION/FORAGING

The idea of a dichotomy between foraging and cultivat-
ing societies in Western civilizations can be traced back at
least as far as the first written text “the Epic of
Gilgamesh” ca. 2700 B.C. according to Kovacs
(1989:xxxv), and probably predates that work as well. In
the beginning of the epic, Gilgamesh, ruler of a settled
agricultural society, is clearly contrasted with the “wild”
forager Enkidu (Kovacs 1989). Dating this dichotomy
before “the Epic of Gilgamesh” is difficult; however, Short
(1991:5) speculates that it may date to the time period in
which a distinction between settled agriculture peoples
and other groups may have become important. In
Western Europe, this would have been during the expan-
sion of the Bandkeramik, a farming-domestic animals-
pottery complex that swept the continent replacing for-
agers in most locations ca. 7000-5300 B.C. (Fagan
1996:215).

Beyond the bias toward seeing only foragers or cultiva-
tors, there are also other reasons why liminal states can
also be problematic to recognize. By setting the difference
between foragers and cultivators as a strong dichotomy,
groups who fail to live up to the foraging ideal in this
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view become less desirable, perhaps even invalidated in
some eyes. This potentially creates a bias against recog-
nizing groups as utilizing multiple strategies as it could
lead to the group being devalued or considered less than
“pure,” with potential political consequences for the
anthropologist as well as the group being studied. Posey
(1998:114) describes this danger, stating that:

The undermining of such finds would be
enthusiastically received by some govern-
ments, political and economic decision-mak-
ers, banks, and development agencies that
would like nothing more than to prove that
culture is divorced from the environment,
just as ecological conservation would be
divorced from human rights, or development
from local communities. Developers could
then continue to move and remove indige-
nous peoples from their lands with impunity
and with the implicit blessings of science—
and historical ecology.

Liminal states are thus tricky to recognize both because
there is a bias against seeing them and because there are
potential political consequences from that recognition for
viewer and viewed.

As long as it is done carefully, however, there are good
reasons to challenge the cultivation/foraging dichotomy,
particularly because of the almost overwhelming evi-
dence that these categories are not mutually exclusive
strategies. Brosius (1991:131) addresses this issue:

Bailey and Headland speak of agriculture
and foraging as if these two modes of subsis-
tence were strictly dichotomous. In fact the
distinction is not so clear, either conceptually
or with respect to the biological and demo-
graphic processes of the resources being
exploited.

As is the case in New England, Brosius has recognized
that subsistence patterns can exist which utilize strategies
from both categories, and that, moreover, some of the
strategies on this spectrum may not firmly belong to
either category. Terrell et al. (2003:329) write that “instead
of seeing domestication and the development of agricul-
ture as an event, a transition or a turning point—or per-
haps not even a continuum,” archaeologists could con-
sider turning to the larger picture through the considera-
tion of human modifications to landscapes.® Pluciennik
(2001, 2002:98) encourages anthropologists to think
“across such deep seated categories.” Brody (2000:288)
stands out as unquestionably the most comfortable with
liminal states, writing:

In reality, there is a possible spectrum of eco-
nomic systems— with hunters at one end,
farmers at the other and many kinds of mix-
tures in between— rather than two exclusive
categories, some pair of opposites that
between them include all possible human
societies. In this respect, the hunter-gather-
er:farmer divide is itself a form of myth.

Brody’s concept of “mixtures” blends well with the
southern New England evidence. The current best
archaeological evidence for subsistence in Late
Woodland Period New England indicates that despite
local differences the majority of the Native groups uti-
lized foraging, cultivation, and intermediary strategies.
That these liminal subsistence patterns occur through-
out the globe indicates that scholars need to find a way
to move beyond the cultivation/foraging dichotomy to
discuss these intermediary strategies without stigmati-
zation or negative consequences in the discipline and in
the larger political world.

The cultivation/foraging dichotomy has been applied
to Late Woodland New England repeatedly, generally
with confusing results as a consequence of the liminality
of subsistence during that time period. The colonial liter-
ature is full of contradictory depictions of Native peoples
as foragers or farmers. Cushman, in his 1621 essay
“Reasons and Considerations touching the lawfulness of
removing out of England into the parts of America,”
describes the Native peoples as foragers who “do but run
over the grass, as do also the foxes and wild beasts”
(1974:91). Smith (1898 [1616]:17), in contrast, describes the
Massachusetts coast as showing “all along large corn-
fields and troops of well proportioned people.” Potential
reasons for the contradictory depictions include gender
biases, poly-crop versus mono-crop differences, the desire
to attract new settlers by presenting the land as either
uninhabited or abundant, and land claims issues. To this
list, I would now add the difficulties of seeing a liminal
state if the observers are looking for a “pure” dichotomy.

A second complicating element is gender. In Contact
Period New England, based on historical sources includ-
ing Wood (1977 [1635]), women were primarily responsi-
ble for cultivation and gathering, men primarily for hunt-
ing, and both genders for some degree of fishing as well
as assistance in all many “opposite-gendered” tasks
(Bendremer 1999:144; Bragdon 1999:576). Although this
division of labor was present throughout the eastern
seaboard of the New World, Seed (2001:45) notes that
English colonial texts, unlike Spanish and Portuguese
texts from the same period, are full of references to the
gendered division of labor, a fact that Seed attributes to
the land claims issue. As cultivation of land conveyed
ownership in the English legal system, Native women,
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not men, were theoretically the owners of much of New
England. This situation was unacceptable to colonial
English men, who “did not wish to characterize their
imperial ventures as a struggle against women overseas”
both for popularity reasons and because they feared that
English women would be inspired to take up farming in
order to own land (Seed 2001:46). That Native women’s
ownership was viewed as a threat by English men is clear
in the writings of William Wood (1977 [1634]) among oth-
ers, as many colonial male authors go to great lengths to
describe the life of Native women as onerous, creating
what Seed (2001:46) calls the “myth of the ‘squaw
drudge’.” Thus, in order to maintain male power and
land ownership in English society at home and in the
New World, as well as to avoid Native land claims, there
may have been a tendency among male colonial
observers to avoid recognizing Native women’s cultiva-
tion, even when present alongside hunting-and-gathering
subsistence strategies.

A third complicating element is land ownership—in
seventeenth-century English society, foragers and cultiva-
tors theoretically had different legal ties to land. Thus in
colonial contexts like New England, there can be political
motivations to consider an indigenous group to be for-
agers rather than cultivators. The English during the colo-
nial period were no exception to this, and there were a
range of motives that may have led different Englishmen
to describe New England Native peoples as hunters,
hunter-gatherers, or maize cultivators. A major English
motivation came from the fact that according to the
English legal system as codified by John Locke in the late
1600s, cultivation or “improvement” of land conveyed
ownership of the land improved (except in the case of ten-
ant farmers). However, Seed (2001:47) writes that under
the English legal system hunters did not necessarily own
the land “upon which they pursued game.” A decision to
describe Native peoples as foragers versus farmers could
thus imply they had few ties to the land. In contrast, the
founder of Rhode Island, Roger Williams, used instead a
characterization of Native peoples as maize agricultural-
ists to argue for Native land ownership (Rubertone 2001;
Seed 2001:53). English law did not allow for liminal states
between foraging and cultivation, those engaged in both
had legal rights only to the land modified by their
“improvements.” Similarly, although some English colo-
nial writers described a range of cultivation and foraging
strategies as comprising Native subsistence, few of them
recognized this as a liminal state, privileging instead one
or the other aspect of the dichotomy depending upon
worldview and political agenda. The characterization of
Native peoples in relation to the cultivation/foraging
dichotomy did not end with land claims, and had related
implications for perceptions of Native labor, or perhaps a
lesser dichotomy of industriousness versus laziness.
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A fourth complication is colonial attitudes toward
work, with cultivation seen as industrious and foraging
seen as lazy. Throughout history, numerous agricultural
societies around the world have characterized neighbor-
ing foraging communities as lazy in contrast to their own
industriousness.” The English colonists placed a very
high value on industriousness; indeed the Puritan reli-
gion considered idleness a sin (Kupperman 1980;
Pluciennik 2001: 742). Cushman(1974: [1621]:92) literally
presents Native American lack of industriousness as a
justification for English colonization of America, stating,
“they are not industrious, neither have art, science, skill
or faculty to use either the land or the commodities of it.”
Locke (1986 [1690]) makes a similar argument about
Native American lack of industriousness. As indicated in
the colonial English legal code where the labor of cultiva-
tion is “rewarded” with ownership, cultivation was clear-
ly associated with the good of industriousness. Hunting
and gathering, however, are more complex matters, with
different, and in some cases ambivalent, values placed on
different types of subsistence activities.

Although cultivation was clearly labor to the English in
the 1600s, they were less clear about hunting as a form of
labor. Due to Norman influences, Seed (2001:48) writes
that the English considered hunting a privilege or recre-
ation for nobility and landed gentry rather than a form of
work. Rather than recognize the subsistence contribu-
tions of hunting to Native New England diet, Englishmen
viewed hunters as lazy or idle. These views continued
throughout the early 1700s and into the 1800s. Benjamin
Franklin, for example, blamed the failure of colonial
efforts to “civilize” Native peoples on “the Proneness of
Human Nature to a Life of Ease” provided by “the
Spontaneous Productions of Nature, with the additions of
very little Labour, if Hunting and Fishing may indeed be
called Labour when Game is so plenty” (cited in Perdue
1995:101). It is important to note that not all Native peo-
ples were equally considered lazy, this stereotype was
placed squarely on male shoulders with a countering
image of Native American women as industrious but
overburdened workers.

Native women in New England unquestionably per-
formed labor in cultivation, as evidenced by the wear pat-
terns on the skeletons studied by Rubertone (2001:153)
from RI-1000. Similarly, well-worn hoes, mortars, and
pestles are found buried with adult women at RI-1000
(Rubertone 2001:156) and at the burial ground on
Conanicut Island in Narragansett Bay (Simmons 1970:45),
among countless other places, indicating women'’s roles
and testifying to their labor in cultivation. Only by over-
looking the labor of Native women were Englishmen able
to characterize New England Native peoples as lazy.
Labor, as one of the forces that according to the colonial
English separated cultivators from foragers, is an impor-
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tant issue nested within the dichotomy between farmers
and foragers. English decisions to recognize or overlook
the labor of Native women and to characterize Native
peoples as hunters or foragers based exclusively on the
subsistence strategies of Native men effected the balance
of where New England Native peoples were considered
to fall within the cultivation/foraging dichotomy.

A fifth issue in distinguishing foraging and cultivation
is that of “progress” or social complexity, where histori-
cally foraging was considered by anthropologists among
others to be more “primitive” in comparison to more “civ-
ilized.” This attitude toward agriculture as foundational
to social complexity can also be seen in the writings of
early anthropologists like Morgan and Tyler who made
agriculture the primary basis for advancement beyond
the “lower” levels of humanity in their organizational
schema (see Morgan 2000 [1877] for example). Pluciennik
(2001, 2002) traces the history of these ideas even further
back to eighteenth-century philosophers including Adam
Smith. The association is also revealed in the ongoing
debate in archaeology over whether a state level society
can exist without agriculture (Fagan 1996). Many archae-
ologists consider Michael Moseley to have solved this
question in 1975 by discovering the circa 3000 B.C. urban
center of El Paraiso in coastal Peru that was dependent
upon fishing rather than cultivation for subsistence
(Fagan 1996). Despite Moseley’s discoveries however, the
association between state-hood (considered the apex of
social complexity by earlier generations of archaeologists)
and cultivation remains.

A sixth complication is the use of characterizations of
Native peoples in New England and elsewhere as for-
agers or cultivators in relation to modern-day legal chal-
lenges to land ownership. In recent decades there have
been active land challenges ongoing in southern New
England as well as a history of courts using anthropolog-
ical debates to redirect and deny New England Native
groups’ land claims (Campisi 1991). From the perspective
of accessing land claims through recognition of Native
women'’s labor in cultivation during prehistory and the
Contact Period, the concept of a subsistence utilizing
strategies from both cultivation and foraging could be
potentially undermining or, more constructively, open the
door to the idea that subsistence activities other than
farming could perhaps over time convey ownership as
well. Several Native groups in New England are current-
ly pursuing Federal Recognition, including the Mashpee
Wampanoags, who have received recognition after
decades of struggle. The recognition process includes
requests for archaeological or historical information doc-
umenting long-term ties to the landscape (United States
Government 25 CER Part 83). Given the difficulties of the
Federal Recognition process and the fact that the
Mashpee and Nipmuc among other groups, have been on

the waiting list for over a decade, it is not at all clear
whether archaeological evidence indicating subsistence
liminality could affect the process. The potential conse-
quences for present-day Native peoples in New England
of prehistoric subsistence utilizing strategies from both
cultivation and foraging is difficult to determine, as on
one hand it may represent a more accurate understanding
of history, but one that could work for or against groups
in courts of law or in the Federal Recognition process.

NATURE/CULTURE

Older even than the dichotomy between cultivation and
foraging is the Western dichotomy between nature and
culture. The conflict between nature and culture appears
in the Epic of Gilgamesh in the form of the transformation
of Enkidu from wild to civilized after which “the gazelles
saw Enkidu and darted off,” indicating the distance
between the two states (Kovacs 1989:8). Short (1991:5)
believes that the dichotomy dates to the era of the agri-
cultural revolution ca. 10,000 years ago, and states that
“the term wilderness emerges then because it is only with
settled agriculture that a distinction is made between cul-
tivated and uncultivated land, savage and settled, domes-
tic and wild animals.” The liminality of New England
Late Woodland subsistence patterns has also interacted
with the nature/culture dichotomy in a multitude of
ways both in academia and in popular culture through-
out time. This section begins with a brief look at the his-
tory of the nature/ culture dichotomy before moving into
a discussion of how this dichotomy has been related,
however inappropriately, to New England Late
Woodland subsistence, by colonial writers, media
through the last few centuries, and finally by modern
archaeologists and anthropologists.

History of The Nature/Culture Dichotomy

The nature/culture dichotomy can be traced back to
ancient Greek and Roman origins, as well as to divides
within the sciences of the Middle Ages and later. Lloyd
(1992) traces the concept of nature back to Greek antiqui-
ty, where the dichotomy does not seem as pronounced.
The Romans seem to have made the dichotomy more pro-
nounced by using the word “natura” to differentiate “the
natural world—'the world of born’—from the manufac-
tured world—'the world of made’” (Ashworth 1999:xi).
Murray (1992), looking at humanity and nature during
the Middle Ages sees the science of the times as fraught
with divisions and dichotomies, some of which may have
given rise to the divide between nature and culture. With
this history behind it, it appears the nature/culture
dichotomy was well established by the time of the earliest
English explorations of New England in the late 1500s.
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The nature/ culture dichotomy is of course cultural in ori-
gin and something that youngsters in a culture have to be
taught. Ryden (2001:6) notes that as children “we have to
learn that nature is strictly separated from culture, both
conceptually and spatially; its exceptional quality has to
be explained to us until we believe it.” This would have
been as true for those hearing the original “Epic of
Gilgamesh” as for us today.!”

One important question that could be a separate chap-
ter is the issue of how the cultivation/ foraging dichotomy
fits within the larger nature/ culture dichotomy. To begin
with it is important to note that to Englishmen in the
1600s and 1700s, subsistence defined where a group fit
within the nature/culture dichotomy. Benjamin Rush,
writing in the 1700s, spelled out the beliefs of colonial
Englishmen clearly by stating that “the savage lives by
fishing and hunting . . . and the civilized man by agricul-
ture” (cited in Perdue 1995:91).1! For colonial Englishmen,
subsistence was what defined whether a group was part
of “culture” and “civilized” or part of “nature” and “sav-
age.”

These associations lead to the issue of definitions and
what composes the category of culture versus nature.
Although many factors include culture itself, settlement
patterns and labor patterns contribute to the definition of
culture, and the etymology of the word indicates that its
root is the same as the root for cultivation. The root comes
from the Latin verb “cultra” meaning tending or raising of
plants (Oxford English Dictionary, 3rd ed.). Looking up
“culture” in the Oxford English Dictionary produced sur-
prising results: the familiar anthropological definition is
the fifth definition listed, whereas the second and third
(after the rare worship or reverence) are

2. a. The action or practice of cultivating the soil;
tillage, husbandry; = Cultivation

b. Cultivated condition. Obs. c. concr. A piece of
tilled land; a cultivated field. Obs.

3. a. The cultivating or rearing of a plant or crop; =
CULTIVATION.

Essentially, the original definition of culture is cultivation,
which makes the dichotomy of nature versus culture par-
allel to that of foraging versus cultivation. Although the
definition of culture as stages of civilization was in use by
the 1600s (Fagan 1996:160), throughout the colonial peri-
od the association between the “civilization” definition of
culture and cultivation would have remained strong.
Scholars today make the separation between the modern
anthropological definition of culture and the concept of
cultivation; however, it could be argued that this earlier
association persists in subtle ways in the English lan-
guage and U.S. society. Culture and cultivation are thus
intimately associated in the English language and world-
view, leading to the oppositional categories, nature and
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foraging being associated at times as well.

As Williams (1980:67) points out in his essay “Ideas of
Nature,” nature is difficult to define because it can
encompass a range of different definitions and historical
nuances for a single people. Several meanings which
Williams (1980:72) encounters in Shakespeare’s King Lear
are relevant for this discussion, “nature as the primitive
condition before human society,” nature as landscape or
uninhabited areas, and nature as a “personified goddess.”
The concept of nature as the condition predating human
society is particularly revealing when the nature/culture
dichotomy is compared to the foraging/cultivating
dichotomy, because if a society considers culture to be
defined by cultivation then foraging becomes a part of
“nature.” In another interpretation of these dichotomies,
Ingold (1996:148) writes that in “the producer is seen to
intervene in natural processes, from a position at least
partially outside them; the forager is supposed never to
have extricated him or herself from nature in the first
place.” This Western cultural connection between forag-
ing peoples and nature is one that has followed New
England Native peoples since the Contact Period.

Nature/Culture Dichotomy in
Late Woodland New England

Beginning with the earliest colonial writings, in New
England there is a long history of how Late Woodland
and Early Contact Period subsistence patterns were
placed relative to the nature/culture dichotomy. For the
majority of colonial authors, particularly those who spent
little time in New England or had little interactions with
southern New England Native peoples, Native subsis-
tence and people were associated with nature or “the
wilderness” that English settlers considered the land-
scape to be. This association can be seen clearly in the
writings of Robert Johnson, an English propagandist who
never went to the New World but who stated in 1609, that
“it is inhabited with wild and savage people, that live and
lie up and downe in troupes like heards of Deare in a
Forrest: they have not law but nature” (cited in
Kupperman 1980:47). Coates (1998:104) writes for the
English settlers, “wilderness was reviled as the diabolical
abode of the savage Indian.” Much of this association to
“wilderness” as a category within “nature” probably
comes from the King James Bible where it is clearly con-
trasted with the labor and works of men in the story of the
expulsion from the Garden of Eden (Cronon 1996:71).
Even Roger Williams (1973 [1643]:172) utilizes this image
writing:

The Wildernesse remembers this,

The Wild and howling land

Answers the toyling labour of

The Wildest Indians hand.
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In this case, however, Williams is making use the image of
the wilderness in a way that subtly subverts the dominant
colonial wilderness discourse by presenting Native peo-
ples as farmers/culture, subduing the “wild” land in a
manner parallel to English farmers and so perhaps con-
veying the same property rights. It is interesting that in
order to subvert the idea of Native New England peoples
as part of the “wilderness” or nature, Williams has to uti-
lize the opposite part of the dichotomy and convey the
image of the Native Americans as farming. Williams’
poem could be interpreted as striving for a middle
ground between the dichotomies in the phrase “the
toyling labours of the wildest Indian’s hand,” as he is
evoking the ultimate act of culture, labor in cultivation,
but also describing the cultivator as “wildest.” As a friend
of the Narragansetts, Williams had spent a lot more time
with Native peoples than had authors like Cushman or
Johnson. It is very telling that colonial period authors
who had not spent very much time with New England
Native peoples tended to characterize them as part of
“nature” or “the wilderness,” whereas authors like Roger
Williams are more likely to problematize the expected
association. Despite the ambiguities and breaking down
of categorizations in the writings of authors like Williams,
the image of New England Native peoples as associated
with “nature” is the one that would be perpetuated dur-
ing the following two centuries.

The nature/culture dichotomy was reintroduced to
anthropology through the writings of Claude Levi-
Strauss in the mid-twentieth century (1964, 1973).
Archaeologists who engaged with these ideas include
Neumann and Lilburn (1995:126), who characterize the
dichotomy as “a cultural myth that separates people from
nature, a Rousseau-ian image in which proto-historic
populations had no impact on the world around them”
(Neumann and Lilburn 1995:136). They also take this
argument one step further and critique wilderness areas
and wildlife management programs that fail to take into
account prehistoric human impacts in those areas stating
“one cannot develop environmental policies by using cul-
tural myths, regardless of the appeal of the myths”
(Neumann and Lilburn 1995:136). Another archaeologist
to address this myth is Rubertone (2000:108), who writes
“the English concept of “wilderness’ failed to capture the
complexities of the Narragansett homelands.” Archaeo-
logists, like anthropologists, have begun to critique the
language of the nature/ culture dichotomy and its accom-
panying wilderness debate in discussions of the New
England landscape.

Not only did Late Woodland southern New England
Native peoples transcend the Western nature/culture
dichotomy through their subsistence patterns, in all prob-
ability they would have rejected it as a concept as well.
Ingold (1996:117) writes that hunter-gatherers (as well,

perhaps, as mobile-farmers) “systematically reject the
ontological dualism of that tradition of thought and sci-
ence which—as a kind of shorthand—we call ‘Western,’
and of which the dichotomy between nature and culture
is the prototypical instance.” Also in support of the rejec-
tion of dichotomies, Brody (2000:288) states: “The use of
binary pairs to create an analytical grid is at odds with the
way in which indigenous cultures, starting with hunter-
gatherers, achieve so much by avoiding dichotomies.”
Although it is difficult to extract the relevant Native New
England categories from colonial works, it is very clear
that they had not constructed dichotomies that mapped
directly onto the Western ones. Williams (1973 [1643]:
167ff) records words for “earth or land,” “fields worne
out,” and a host of terms for cultivating maize but no
words for nature, wilderness, or fields in cultivation. This
apparent absence of the Western dichotomy can also be
seen in part in early land deeds, as Native land deeds
grant usufruct rights; even in English written deeds,
Native passages on usufruct rights are visible whereas the
English viewed land transfers as conveying the entire
value of the land (Cronon 1983; Little 1981). Southern
New England Native peoples doubtless possessed emic
systems of categorizing lands, however, these are harder
to find in colonial era documents.

Not only in their language and worldviews, Native
peoples in New England also broke down the
nature/culture dichotomy through their actions. Native
peoples in New England were mobile during the Contact
Period and after as evidenced by centuries of English set-
tlers’ comments about transience of Native peoples
(Calloway 1997; O’'Brien 1997; Thoreau 1860). This mobil-
ity, which so frustrated the English because they viewed
it as “uncivilized,” challenged the order of the English
view of landscapes as divided between gardens versus
wilderness, and instead led to a unified landscape filled
with a range of usufruct rights.

CONCLUSION

Subsistence patterns in Late Woodland New England are
liminal in regard to Western categories, possessing the
characteristics of both cultivation and foraging, and so
challenge the Western dichotomies of cultivation versus
foraging and nature versus culture. The debate in archae-
ology over these subsistence patterns is in part due to the
political implications of recognizing states that are inter-
mediary between these dichotomies yet not in transition
toward cultivation. Because New England Late
Woodland subsistence appears to have incorporated
strategies from both cultivation and foraging, it is neces-
sary to step outside the dichotomous Western view of cul-
tivation and foraging as mutually exclusive states. This is
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difficult in part because the cultivation/foraging dichoto-
my is located within the nature/culture dichotomy, and
combining the two subsistence systems has consequences
for our understanding of how southern New England
Native peoples interact with “nature” or “wilderness”
that in turn breaks down the nature/culture dichotomy.
Although questioning Western ideas of “nature” or
“wilderness” can be threatening by appearing to remove
an important contrast for our own society, perhaps we
will be able to replace the contrast with a more achievable
challenge of having only light or sustainable impacts on
our environment. In this case, examining an archaeologi-
cal debate about subsistence in Late Woodland New
England has revealed powerful Western dichotomies
impacting colonial authors as well as modern scholars.
Only by stepping beyond the Western foraging/ cultiv-
ation and nature/ culture dichotomies will archaeologists
be able to see the larger picture of subsistence and indeed
lifeways of Native peoples in Late Woodland and Early
Contact Period southern New England.

END NOTES

1 See, for example, the works of Price and Gebaur (1995).

2 The definition in quotes is from the 3rd edition of the Oxford English
Dictionary. van Genep (1909) and Turner (1957, 1969) were two of the
scholars to introduce the use of the term “liminal” in anthropology.

3 The neighboring Iroquoian agriculturalist groups may have made
distinctions between agriculturalists and foragers; however, that is
outside the scope of my current research.

41t is important to state that archaeological evidence could be revealed
in the next few decades that could indicate that a transition was taking
place; however, given the current absence of any such data, this state-
ment stands for the time being.

5 Chilton’s concept of “Mobile-Farmers” (1999) makes this point for
inland areas, however it is worth pointing out that this mixture of for-
aging and cultivation appears to extend throughout all of the subsis-
tence systems in New England.

6 There is good evidence for active pre-Contact trade networks trading
among other things Native copper, maize, and certain types of locally
unavailable stones; networks which were expanded to include
European copper, etc. (Bragdon 1996:92).

7 This is especially easy to do in archaeology where the choice of exca-
vation methods, screening versus flotation, can significantly impact
the quality and types of subsistence information recovered, and can
bias the record toward subsistence strategies with larger remains.

8 Other recent authors have also recognized the use of multiple sub-
sistence strategies notably Posey (1998:111) for the Brazilian Kayapo
plant introductions into forest islands, Linares (1976) for the concept of
“garden hunting,” and Dentan et al. (1997:43) for the swidden and for-
aging systems of the West Semai in Malaysia among others. In a par-
allel continuation of two strategies, Dove (1999) discusses the preser-
vation and continued propagation of ancient cultigens outside the pri-
mary subsistence regime; for example, tubers in a rice farming system.
Ames and Marshall (1981) and Ames (2006) also address the adoption
of multiple subsistence strategies on the Southern Columbia Plateau,

70

while Lepofsky and Peacock among other articles in Prentiss and Kuijt
(2004) more cautiously propose the same for the Northern Plateau. A
few of the theorists working on plant and animal domestication even
propose the existence of transitional states incorporating strategies
from both foraging and cultivation (Flannery 1972; Braidwood and
Howe 1962:136), which they view as purely temporary in nature as
opposed to the more lasting non-transitional liminal states discussed
by Posey (1998) and others. Even Bailey et al. (1989) for all their por-
traying the absence of “pure” foragers as a negative, nevertheless
describe numerous examples of liminal states incorporating foraging
and domestic plants or animals.

9 See for example Wilmsen’s Land Filled With Flies (1989), Brody’s
(1981) Maps and Dreams and The Other Side of Eden (2002).

10 Although it is tempting to see the dichotomy as purely English in
cultural origin, it is important to note that the modern citizens of the
United Kingdom seem to no longer hold to the dichotomy as strictly
as many US citizens. Frake (1996) describes this in his work when he
notes that rather than being upset by the discovery that the Norfolk
Broads of East Anglia were a created place, the “the study became well
known and widely accepted, so far as I can discern, without much
comment almost immediately.” Recognition of the Broads as having a
human history seems to have led to more special protection rather
than less, part of the larger picture of acceptance of the human history
and impacts on wilderness areas in the United Kingdom. Although the
nature/culture dichotomy may have come over with the early
colonists from 1600s England, it can no longer be considered to have
an active ongoing counter-part as applied to the British Isles. The per-
sistence of the nature/ culture dichotomy in the United Kingdom in the
form of a concept applied to areas outside of Europe is another issue
entirely and one that is beyond the scope of this research.

1 Rush actually includes an intermediary category, the barbarian, who
he asserts “lives by pasturage”; however, based on his discussion it
appears that this category fits within the nature side of the
nature/culture dichotomy rather than existing between the two
aspects of the dichotomy.
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CHAPTER 6

MAIZE AGRICULTURE IN COASTAL RHODE ISLAND:
IMAGINATIVE, ILLUSIVE, OR INTENSIVE?

by Tonya Largy and E. Pierre Morenon

Was agriculture central to Narragansett, Niantic, Pequot,
and Wampanoag peoples before the development of
European communities in the early 1600s? Did indige-
nous peoples only adopt intense agricultural practices
after European settlements developed in Providence and
Rhode Island Plantations? These questions could surprise
many tribal members or educators who recite how the
Pilgrims of Plymouth Plantation were saved from starva-
tion by local indigenous farmers in 1620. Moreover, schol-
ars (Salwen 1978; Simmons 1978) have long drawn from
the descriptions of fields and planting cycles described
around Narragansett Bay by Verrazzano (Wroth 1973) in
1524 and later by Williams in 1643 (Williams 1970).

Yet, until recently archaeologists had not reported
unambiguous maize kernels or beans from any of the
hundreds of pre-European archaeological sites studied
through hundreds of completed cultural resources man-
agement studies in Rhode Island. In contrast, archaeolo-
gists working at “Contact Period” Fort Ninigret (Salwen
and Mayer 1978) had recovered abundant maize kernels
(Figure 6-1) during the 1970s that were associated with a
probable seventeenth century Dutch trading post in
southern Rhode Island. Thus, for over thirty years archae-
ologists (Bernstein 1993; Ceci 1978) rightly questioned the
centrality and timing of agriculture in New England
coastal settings like Rhode Island.

This chapter is based on a systematic inspection of all of
the known maize extracted from archaeological contexts
around Narragansett Bay. Some of this evidence and
some of our arguments were presented in a paper deliv-
ered at the Society for American Archaeology 71st annual
meeting (Largy and Morenon 2006). Here we also discuss
ongoing research completed between May 2006 and
January 2008. Our effort is intended to highlight unre-
ported and recent evidence, as seen in Figure 6-2, and to
explore the implications of this evidence. Part of this dis-
cussion is to provide context for this new maize evidence
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Figure 6-1. Maize recovered in 1974 from Fort Ninigret (RI15) in
Charlestown, Rhode Island.

from pre-European sites. Narragansett Bay and coastal
Rhode Island was indeed intensively farmed after ca.
A.D. 1100. We also discuss here the first AMS dates of
maize kernels from Fort Ninigret, derived from the earli-
er and most recent (Taylor 2006) archaeological investiga-
tions there. Although our work emphasizes documenting
botanical remains, other lines of evidence—such as the
content analyses of historic writings or the *C record
from features and settlement locations—reinforce our rea-
soning.

CRITICAL QUESTIONS

Two critical questions were raised at a preview (Morenon
and Largy 2006) of our findings to an audience of
chemists, molecular biologists, and botanists at a Sigma
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RI 2050, Cranston, RI. Kernels and fragments
discovered in 1994

RI 2080, Charlestown, RI. Kernel discovered
in 2003
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RI 2370, Warwick, RI. Kernel and stem
fragments discovered in 2004
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Figure 6-2. Maize from four archaeological sites in Rhode Island discovered after 1990.

Xi luncheon at Rhode Island College that listened to our
arguments. The first question concerned the evidence:
How confident are archaeologists and archaeobotanists
with conclusions based on a sample of one or very few
sites, each with a few specimens? We do have a very small
sample of maize from coastal Rhode Island. Until the
1990s the only archaeological site with maize was Fort
Ninigret (RI 15) (Mayer n.d). Today there are five other
unambiguous pre-European archaeological sites with
maize around Narragansett Bay in a narrow band along
the coastal edge as illustrated in Figure 6-3. One addi-
tional site (RI 2370) contains maize (Figure 6-2), but this
specimen is not clearly of pre-European age. However,
archaeologists and archaeobotanists need not apologize
for our scanty information. We are hardly alone when it
comes to relying on just a little evidence, because, as we
will see, the meaning of an historic observation may
depend on one document, a single word can be of great
significance.

The second question raised by these scientists at the
Sigma Xi presentation was about the logic used by
archaeologists to dispute historical and cultural views
about the centrality of maize agriculture to Narragansett
peoples in the first place. The argument goes like this: The
long-held dogma about the importance of maize to
Native American communities in coastal areas is not sup-
ported by the archaeological record from excavated sites.
Therefore, maize based agriculture must have intensified
after or was not intensive before the arrival of Europeans.
The question raised by the Sigma Xi scientists was point-
ed: How does one support or refute arguments about
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intensification with no physical evidence? Making an
argument from no evidence was weakly persuasive to
this audience.

From their point of view, no evidence means many
things: inappropriate procedures, insufficient work, poor
preservation, and so on. While the new evidence, which
we describe here, is a small sample, it enables us to reex-
amine questions that were not possible a few months ago
and to provide impetus to ongoing research efforts in the
region. Archaeologists and archaeobotanists understand
that tens of thousands of hours of tedious work underlie
these few specimens. Even mathematicians appreciate the
distinction between zero and some evidence. Does the
historical evidence support the claim for intensive pre-
European agriculture around Narragansett Bay?

How do archaeologists deal with historic claims and
popular beliefs about the significance of indigenous agri-
culture prior to European Contact, when the physical evi-
dence is weak? David Bernstein evaluated RI 193, the
Greenwich Cove Site, based on work that began in 1979
and concluded with his extraordinary publication
(Bernstein 1993). In 1993, after a very intensive evaluation
of this coastal shellmidden and an examination of archae-
ological evidence around Narragansett Bay Bernstein
(1993:120) presented this position:

A complete absence of domesticates at sites along
Narragansett bay . . . argues against horticul-
ture as a major factor in the overall subsistence
regime. This interpretation stands in direct
contrast to European accounts . . . and suggests

Tonya Largy and E. Pierre Morenon



Archaeological Sites with Maize:

RI 15 (1974)
RI 2050 (1994)
RI 110 (1994)
RI 1818 (1996)
RI 2080 (2003)
RI 2370 (2004)
RI 2390 (2006)
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Figure 6-3. Locations of seven archaeological sites in Rhode Island with maize, ordered by year of discovery.

that the intensification of agricultural produc-
tion may have been a postcontact develop-
ment. (emphasis added)

Methodologically, the Greenwich Cove project used a
variety of extraction—wet screen, dry screen and flota-
tion—and several sampling techniques—random, sys-
tematic, bulk and selective—to collect a broad range of
subsistence information. Bernstein’s research carefully
describes the thousands of specimens of invertebrate and
vertebrate species collected.

Bernstein also incorporated all of the then-known
botanical and animal data collected from archaeological
sites around Narragansett Bay. Very intensive excavation
around Narragansett Bay throughout the 1980s and into

the early 1990s at a broad range of sites, again using many
different wet and fine screen extraction procedures, sup-
ported his position. Prehistoric contexts did not contain
domesticates. All of the contexts with domesticated
plants, such as abundant maize at Fort Ninigret (Salwen
and Mayer 1978) or a bean at RI 667 (Morenon 1986), were
not unambiguously pre-European. They were either asso-
ciated with European goods or dated later than ca. A.D.
1640. All of the evidence for agriculture available into the
early 1990s could not refute the argument that “intensifi-
cation of agricultural production may have been a post-
contact development.”

However, conventional wisdom emphasizes the impor-
tance of maize, bean, and squash in Native American
communities in coastal New England. Our social study
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and history text books present this view. Most children
“know” that the Pilgrims escaped from certain starvation
because they adopted traditional Indian agricultural
practices. Narragansett oral history certainly includes a
historical past. Succotash, a traditional dish made from
any number of ingredients, including maize, is seen as
having ancient roots. Why not question it? The point
raised by our scientist critics at the Sigma Xi presentation
in March 2006 was, why question it?

Our experiences are that non-archaeological audiences
do not appreciate the ambiguity or uncertainty that is so
prevalent in disciplines, that develop research paradigms
and evidence over decades. Archaeological research on
the development of agriculture in Rhode Island is well
over 30 years old and for much of this period there was
no evidence to report, no maize found in features that
dated prior to European settlement of the region. As in
other disciplines, “exploring the unknown requires toler-
ating uncertainty” (Greene 2006: A23), but uncertainty is
not always welcome.

To some audiences, questions about the importance or
intensity of the “three sisters” around Narragansett Bay
can be unsettling. For example, consider discussions
around the development of an integrated science kit cre-
ated for southern New England Indian themes. This kit
was designed for elementary school science classes
between 1991 and 1993 and has been widely distributed
in southern New England. “How corny can you get?” is
one of the four strands in “The Whole Kit and Kaboodle.”
MacGregor Kniseley (2006) consulted with scientists. He
talked with archaeologists who raised questions about
the importance of the “three sisters.” He worked with
Narragansett tribal members to create experiments built
around maize and beans. Maize, bean, and squash remain
central to the Native American curricula used by thou-
sands of elementary school children around Narragansett
Bay today.

Or, consider the response received in the mid-1980s as
Morenon spoke one Saturday afternoon to elder
Narragansett Indian leaders at a tribal council meeting.
Council members were surprised, if not offended, when
he mentioned that archaeological evidence indicated that
maize occurred late and perhaps was not so important in
their history. Their response was emphatic: “Corn has
always been important.” Thus, there is considerable sup-
port by non-archaeologists, by the scientific and Native
American community, for the centrality of agriculture
around Narragansett Bay. This “centrist” position is not
simply unsupported folklore. There is considerable non-
archaeological evidence underlying the widely held view
that maize and agriculture were important, prior to and at
the point of European settlement.

76

EXAMINATIONS OF EARLY HISTORY
AND LANGUAGE

First, the earliest European observer, Verrazzano wrote
what many presume to be a description of Narragansett
Bay during a two-week stay in Newport harbor in April
1524:

We frequently went five to six leagues [a
league is approximately 2.4 miles] into the
interior, and found it as pleasant as I can pos-
sibly describe, and suitable for every kind of
cultivation—grain, wine, or oil. For there the
fields extended XXV to XXX leagues; they are
open and free of any obstacles or trees, and so
fertile that any kind of seed would produce
excellent crops. . . They live on the same as
other people—pulse which they produce
with more systematic cultivation than the
other tribes . . . (Wroth 1970:139)

Verrazzano’s use of the word “pulse” introduces ambigu-
ity into his observations of Native life around
Narragansett Bay, as presently understood. We question
what crop Verrazzano might have observed growing in
the fields around Narragansett Bay, especially since he is
purported to have passed through Newport in late April,
before planting season. The original Italian word used in
Verrazzano’s Cellere Codex is “legumi” (Wroth 1970:129).
In modern Italian, “legumi” is not limited to legumes but
can be translated as “vegetables.” Of particular interest is
how the word was translated in Verrazzano’s time.
Francesco Erspamer, Professor of Romance Languages
and Literature, Harvard University, told us: “Strictly
speaking, legumi means (and meant) legumes, pulses,
that is edible seeds growing in pods. But very common is
(and was) the extensive and inaccurate meaning, to
include vegetables (as in French, “legumes verts”). Both
meanings are listed in the Grande dizionario della lingua
italiana, with examples from the fifteenth and sixteenth
centuries” (Erspamer, personal communication, 2006).
This information does not end the ambiguity. Verrazzano
might have been writing about “vegetables” including
maize, and not beans, specifically. Susan Tarrow, who
translated the Cellere Codex into English, told us (S.
Tarrow, personal communication, 2007) that she translat-
ed “legumi” as “pulse” (Wroth 1970:139), in keeping with
the accepted meaning of the word.

Native peoples often cooked both beans
(pulse/legumes) and maize kernels in a stew with added
ingredients, such as meat and plant foods, when avail-
able. Beans might easily have been confused with maize
kernels, if indeed Verrazzano actually observed these
foods being prepared along the New England coast.
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Figure 6-4. Champlain map of Nauset Harbor on Cape Cod in 1605, with enlarged detail (insert) of a house surrounded by a corn field. After Salwen

1978:165.

Carbonized maize from archaeological contexts can be
misidentified as beans, as we have seen in our recent
work to clarify the evidence around Narragansett Bay.

The linguistic evidence does not definitively establish
what Verrazzano saw growing in the fields around
Narragansett Bay in April 1524. He likely sailed along the
coast before crops were planted. Verrazzano had already
traveled up the East Coast from the Carolinas, observing
landscapes, people and their practices. He stopped along
the Hudson River, passed along the east coast of Long
Island and passed around Block Island before entering
Newport Harbor. Before he arrived in southern New
England, he had considerable comparative evidence to
describe the agricultural landscape he observed. It was
cleared with extensive fields extending around the bay
and into the interior. Their agricultural production was
“more systematic” than he had observed elsewhere along
the East Coast of North America. In April of 1524 (during
the Little Ice Age), Verrazzano would have been looking
at cleared surfaces, before the planting season.

A second observer, Champlain, visited Plymouth and
Nauset (Chatham) harbors in coastal Massachusetts in
the summer of 1605, his well-known Nauset map, as
shown in Figure 6-4, depicts a fully agricultural land-

scape, with separated households surrounded by fields.
The plants in his illustration appear to be maize.
Although we have not looked at the original map, even
the brushstrokes detailed in the insert in this illustration
look like maize.

A third text recommended to us by Paul Robinson (per-
sonal communication, 2006) describes the English
colonies extracting volumes of “corne,” through trade,
from Narragansett Bay before large-scale European settle-
ment had developed there. Winthrop, in November 1634
notes:

[November 5/5] The Rebecka came from
Narigansett with 500: bz. [bushels] of Corne
given to mr Io: Oldham: the Indians had
promised him 1000: bz. But their store fell out
lesse then they expected . . . This is a verye
faire Baye beinge aboue 12: leags. square. With
diverse great Ilandes in it: a deepe channel
closse to the shore beinge rockye: . . The coun-
try on the west of the Baye of Narig. is all
Champion [level open country] for many
miles, but verye stonye, & full of Indians, he
sawe there about 1000: men women &
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children yet the men were many abroad on
huntinge. (Winthrop 1996:132-133)

Here too we have to pay attention to the meaning of
words. Was Winthrop using “corne” in its seventeenth
century English meaning, as the locally grown seed crop?
We do think that crop was maize. Based on the archaeo-
logical work at Fort Ninigret and the historical descrip-
tive evidence, there is little reason not to assume that
maize was intensively grown and probably traded by
1634 around Narragansett Bay. Here the archaeological
evidence can help resolve disputed meanings of “corne.”

It is possible that Winthrop is describing indigenous
farming practices that had just recently intensified in
response to European demand for agricultural products.
However, it is more plausible to see this as a description
of people engaged in intensive agriculture, as well as
involved in other (hunting) intensive subsistence prac-
tices, reflecting a mixed subsistence strategy that was still
unfamiliar to European observers and historically ancient
(see Chilton, this volume; Stein, this volume).

The complexity of agriculture around Narragansett Bay
is well documented by 1643 in the fourth text, where
Roger Williams through his analysis of Narragansett lan-
guage describes where maize fits within the Narragansett
culture. In addition to the oft-cited Narragansett creation
story which includes a crow flying from Cautantowitt’s
house with a seed of “corne” (maize) in one ear and a
bean in the other, Williams describes the association
between maize and beans, souls of men and women, and
sacred directions:

Kautdntowwit the great South-West God, to
whose House all soules goe, and from whom

came their Corne, beanes, as they say.
(Williams 1973: 190)

Obs. They believe that the soules of Men and
Women goe to the Sou-west, their great and
good men and Women to Cautantouwit his
House, where they have hopes (as the Turkes
have) of carnall Joyes: Murthers thieves and
Lyers, their Soules (say they) wander rest-
lesse abroad. (Williams 1973:194)

Elsewhere (Morenon 2006a), Williams provides an
inventory of words and phrases that connect maize, farm-
ing, and harvesting to many cultural details (Williams
1973:100-103, 121 -122, 128, 164, 165, 167, 169-172,
190-191, 206-207, 210, 215, 231). Williams describes: types
of dishes; types of people (maize and non-maize), types of
household tasks and tools, types of labor (for women);
seasonal cycles; abundance (pigeons and strawberries);
tame animals (hawks to discourage predation); types of
fields; varieties of maize; types of production—planting,
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weeding, hoeing, harvesting, drying and storing; types of
cooperation (between women, between women and
men); many symbolic associations with maize—souls,
fire, power (Manitou), feasts or dances (Nickémmo),
types of women's productivity - value, marriage, fertility
and child bearing, trade, and public gift exchange.

Williams’ narrative depicts maize, farming and agricul-
tural details that were deeply imbedded in Narragansett
everyday and esoteric thoughts and activities. He arrived
in Providence in 1636 and published these detailed obser-
vations just six years later, in 1643. His text documents the
presence of maize, bean, and other domesticates. His
“Key into the Language” is an inventory of words, phras-
es, and pieces of speech that describe an agricultural soci-
ety; his narrative is an agricultural ethnography that
extended from creation to technology, from social organi-
zation to ideology.

Thus, the historic argument for intense production, for
the centrality of maize, around Narragansett Bay includes
descriptions of extensive agricultural landscapes from
1524 and large volumes of maize used in trade in 1634. It
consists of a complex vocabulary collected between 1636
and 1643 of maize-based beliefs, activities, and institu-
tions which certainly preceded European settlement.
Agriculture could have intensified around Narragansett
Bay after the arrival of Europeans, in response to new
demands for indigenous foods, demographic pressures
and competition over resources. However, the historical
documents are consistent with an argument for intensive
agriculture prior to European Contact. Agriculture was
very important to indigenous peoples around Narragan-
sett Bay before the first European settlers came shopping
for some of its surpluses. Language is important to this
discussion of intensification; the development of the
many complex word meanings and cultural associations
found in Narragansett speech by Roger Williams in the
1640s is itself evidence for the historical centrality of
maize agriculture. Here is where a few maize kernels
from recent archaeological work can provide new per-
spectives on a few ambiguous words noted in one or two
texts and contribute to the way linguists and historians
interpret those words. Language is culture; words have
meaning, as do features, artifacts, and seeds.

TRADITIONAL NARRAGANSETT FOOD
PRACTICES

Archaeological work conducted over the past few
decades indicates that there were great regional subsis-
tence differences within Rhode Island. The Narragansett,
as is the case for many New England Algonquian speak-
ers, moved residences seasonally to exploit their whole
habitat. They were shellfish gatherers in some locations;
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maritime hunters, fishermen, large-game hunters, plant
gatherers, and silvaculturalists in other locations. Also
they were farmers or horticulturalists, primarily on the
coastal plain and along the edges of rivers. All sorts of
activities were concentrated along the coastal edges. The
historic data do not present peoples who lived in large
concentrated villages and essentially depended on maize,
supplemented by natural products.

Rather, the historical data indicate that while maize
production was an essential part of their culture, other
subsistence strategies were also intensively pursued.
Many of these practices have great time depth, and some
do not. Sea mammals were extracted in some locations
such as Block Island, but not others. At RI 193 (Bernstein
1993) the shellfish species collected varied as the nearby
estuary changed, perhaps due to rising sea levels. At RI
667 and RI 670 (Morenon 1986) woodland plant materials
such as hickory nuts are found in features over a 4,000-
year period and were contained in large storage pits 2,000
years ago. Other plants such as sassafras appear later, per-
haps reflecting habitat changes associated with the inten-
sification of agricultural practices. Rhode Island is a small
state. Just a few miles separate RI 193, RI 667 and RI 670,
the average distance to the coast from any random loca-
tion in Rhode Island is only 13 kilometers (8 miles). All of
the indigenous peoples would have had direct or indirect
access through social exchanges, to the varied habitats, as
well as access to the varied natural and domesticated
food resources available around Narragansett Bay.

IS THERE NOW ARCHAEOLOGICAL
EVIDENCE FOR INTENSIVE
PRE-EUROPEAN AGRICULTURE?

In January 2006 Largy reviewed all of the maize evidence
from Rhode Island at a meeting held at the Public
Archaeology Laboratory, Inc., in Pawtucket, Rhode Island
with archaeologists involved in the recovery of maize
from Rhode Island sites. In addition to Largy and
Morenon, the group included PAL archaeologists Alan
Leveillee and Joseph Waller, and Charlotte Taylor from
the Rhode Island Historic Preservation and Heritage
Commission (RIHPHC). The samples of maize were
examined by Largy and photographed by Waller. Taylor
elected to bring a sample which included 16 maize ker-
nels and one scutellum out of approximately 280 kernels
recovered by Salwen and Mayer in the 1970s (Mayer n.d.;
Salwen and Mayer 1978). Figures 6-1 and 6-2 illustrate
some of what we observed and recorded at this meeting.

Largy identified 31 charred maize fragments represent-
ing 26 kernels and an additional five fragments exhibiting
recent breaks from six archaeological sites, as noted in
Table 6-1. In some cases, Largy simply confirmed what

others had previously described as maize. In one case a
specimen previously described as a carbonized bean was
confirmed as maize, and in several cases Largy rejected
previous maize identifications.

This examination demonstrated what many archaeob-
otanists well know: These few specimens available for
study represented many specimens lost to study. One
maize fragment found at a site undoubtedly means many
more are present at that location. The charred botanical
specimens Largy observed with recent breaks indicate
that breakage occurred either during or post-excavation.
While some fragments slip through screens with mesh
sizes that are too large, others are recovered in wet screens
or flotation but not recognized.

Smaller bits of maize kernels can be identified if some
part of the outermost seed coat, bearing diagnostic stria-
tions, is preserved. However, these structures are best rec-
ognized through low-power magnification. Thousands of
liters of sediment may be recovered from excavations, but
all are not processed. The recovery rates can be improved;
trained specialists need to look carefully for the few maize
kernels that are preserved in these samples.

The systematic examination of all the known maize
specimens also convinced the assembled scholars that
maize was extensively present in Rhode Island. Expertise,
time and money are required to improve recovery, but
expectation and anticipation are also necessary. Agreeing
that maize is present and can be extracted from pre-
European archaeological sites changes expectations.

Since the initial overview in January 2006, one more
maize kernel from a dated feature at a seventh archaeo-
logical site (RI 2390) has been confirmed by Largy (Waller
and Leveillee 2006:43) and was added to the inventory
(Table 6-1). One AMS date directly from a maize kernel at
RI 2370 (110+70 B.P.), two other AMS dates from maize at
RI 15, Fort Ninigret (360+40 B.P, 340+40 B.P.), and three
dates from features containing maize at RI 110 (700+£70
B.P, 1000+40 B.P, 630440 B.P.) were also added in October
2006 to this inventory.

In January 2006 we also sought one other reported
maize sample, a carbonized cob described in the Roger
Williams Park Museum (Morenon 1984:74). Case number
478 in that museum assessment study was from a “gener-
al RI context.” Conversations with the current museum
curator (Massaro, personal communication, 2006) indi-
cate that this sample was probably from southern Canada
and not from Rhode Island. When sample sizes are small,
it is important to confirm or deny each specimen.

WHAT IS THE PHYSICAL EVIDENCE?

These few kernels represent a modest record from seven
archaeological sites, which are organized in Table 6-1 by
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the year in which maize was first discovered at each loca-
tion. Note that not every specimen was initially described
as maize. So, in some cases it was not until 2006 that dis-
puted descriptions were finally resolved by a group of
scholars reviewing all of the available evidence. Each site
deserves a brief unique description; each place is a case
study unto itself.

1. RI 15. Fort Ninigret is both an archaeological site
and a state owned historic property that is located
on the edge of a salt pond in Charlestown, Rhode
Island. Salt ponds are ubiquitous features along
Rhode Island’s Atlantic Coast and Ninigret Pond
represents an important natural habitat. Parts of
Ninigret Pond are protected by the U.S. Fish and
Wildlife Service. Native peoples concentrated land
uses and communities around these ponds in the
past. Until recently, Euro-American farmers exploit-
ed the productive, flat, outwash plains that sur-
rounded Rhode Island’s salt ponds. Today, these
ponds and the surfaces around them are preferred
tourist destinations and under great development
pressure.

The two AMS dates of 360+40 B.P. (cal. 20 A.D.
1450-1635) and 340+40 B.P. (cal. 20 A.D. 1462-1642)
on maize that are reported here are the first absolute
dates for Fort Ninigret. They also are the first AMS
dates on maize in Rhode Island. Both dates are con-
sistent with earlier estimates that this site dated to
the early 1600s based on associated European trade
items. These dates also support arguments that
activities began before and continued into the early
European era, with its fortification and trading post.
Many sites in Rhode Island have a long human
record. The new radiocarbon evidence indicates that
greater precision to the historic timing of activities is
possible at Fort Ninigret through additional dating
of existing and new evidence.

Finding ancient alongside recent evidence is to be
expected. As an historic property this site was mod-
ified through the addition of embankments to
enhance its popular appeal in the last century. Thus,
the excavations in the 1970s (Salwen and Mayer
1978) and into the 2000s (Taylor 2006) had to unrav-
el a complex landscape of features, surfaces, and
post-site modifications. The more than 280 maize
kernels reported for this location, as well as the
preserved features and surfaces that still exist, do
document an important place, a site at which
indigenous and European technologies, values, and
communities connected. Fort Ninigret still contains
important evidence; this is a place where the relative
intensity of agriculture from the 1400s into the 1600s
can be evaluated. Future studies, including the syn-

thesis of available samples and records from
decades of archaeological research at this location
are anticipated.

. RI 2050. Located on alluvial terraces and overlook-

ing a broad floodplain parallel to Furnace Hill
Brook in the town of Cranston, RI 2050 was discov-
ered during an archaeological survey for a federally
funded roadway widening project. Subsequent
intensive testing and data recovery isolated buried
features there. RI 2050 is another location where
human activity occurred over thousands of years.
Soapstone debris, perhaps extracted from the near-
by Oaklawn Soapstone Quarry (RI 47), is well rep-
resented in the material record at RI 2050. Feature 1
contained two maize kernels, recovered from two
levels. This feature has a 910+110 B.P. (cal. 20 A.D.
896-1284) date on charcoal, which is both the first
and currently oldest date for a feature containing
maize in Rhode Island. The first maize specimen
was recovered in a wet screen. The second specimen
was found in situ in this feature. Initially researchers
debated whether the carbonized seeds were maize.
These specimens were first described as maize in
1998 (Waller and Leveillee 1998). That description
was confirmed by Largy in 2006, based on recogniz-
able attributes for Northern Flint maize. Parts of this
site were removed in the alterations to Phenix
Avenue, but some other portions remain and are
protected as part of the road right of way. Some of
the information from this site will be further studied
as part of a doctoral dissertation.

. RI'110. An archaeological survey of a proposed pri-

vate development along a coastal edge on a salt
pond that required a permit from a state agency, the
Coastal Resources Management Council, located
what appeared to be a large Narragansett village.
This location on Upper Point Judith Pond in
Narragansett had been described as a probable vil-
lage in documents from the 1930s. During subse-
quent data recovery in which 11 percent of the site
was studied, maize was removed from five dated
features, three of which had charcoal dated between
1000440 B.P. (cal. 26 A.D. 975-1155) and 630+40 B.P.
(cal. 20 A.D. 1285-1401). That RI 110 contains
dozens of household residences, thousands of fea-
tures, burials, as well as utilitarian and sacred
objects came as no surprise to the Narragansett
Indian Tribal Historic Preservation Officer, or to the
historic preservation community that has reviewed
this project over the past decade. In 2008 fieldwork
continues on this imposing site and controversial
project. Forty modern houses are proposed on sin-
gle family lots and archaeologists are now at work
identifying and studying exposed features, lot by
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lot. The synthesized botanical evidence reported
here has been integrated into the justification for
continued research at this site.

. RI1818. This site was located during a development

project in South Kingstown involving wetland
review and management. Feature 3 was discovered
during limited data recovery and contained one
maize kernel, extracted from a flotation sample.
This feature or specimen has not been dated. The
opportunity for continued research at this location
is uncertain.

RI 2080. A survey of a private development project,
proposed near another salt pond, Quononchotaug
Pond in Charlestown, segregated those parts of the
project area with high from those areas with low
archaeological potential. Subsequent limited
machine stripping in the areas presumed to have
the greatest sensitivity identified post molds and
other features. Research was limited. Feature 267
contained one maize kernel and was dated on char-
coal to 530+70 B.P. (cal. 20 A.D. 1286-1481). This site,
identified as a formative village (Leveillee 2005) was
only partially examined. It has been eliminated
from further field study, although additional studies
of existing samples and collections could occur.

RI 2370. In the winter of 2005 a small survey was
completed on private land on the edge of
Narragansett Bay in Warwick, Rhode Island. A
landowner had proposed to subdivide his property
and agreed to an archaeological study to document
its archaeological potential. In order to secure a per-
mit from the City of Warwick to subdivide this
property this landowner agreed to a modest archae-
ological survey. One maize kernel and a carbonized
monocot stem were recovered in the wet screening
of a frozen sediment sample from a test excavation.
Although this sediment came from the B Horizon in
association with stone artifacts, the AMS date of half
of this kernel of 110+40 B.P. (cal. 2o A.D. 1667-1954)
is ambiguous. Radiocarbon date accuracy is tenu-
ous for samples that fall between 80 B.P. and 200
B.P; calibrated dates in this range yield varied
results. No further study of this site will be allowed.

RI 2390. In 2006, an archaeological survey with sub-
sequent data recovery in North Kingstown, Rhode
Island, was completed near RI 1000, a seventeenth
century Narragansett Burial Ground that was stud-
ied in advance of a private development project
using National Park Service funding and in collabo-
ration with the Narragansett Indian Tribe (Brown
and Robinson 2006) and RI 667, an intensively stud-
ied site that was completed as part of a federally
funded highway project (Morenon 1986). The sever-

al studies completed in a relatively limited area do
provide a long archaeological record, with a radio-
carbon sequence extending over 3,000 years at this
location. RI 2390 contains one maize kernel and an
associated date on charcoal of 410+50 B.P. (cal. 20
A.D. 1421-1634) from Feature DB11. Parts of this site
are to be preserved, but opportunities for future
research there are uncertain.

WHAT DO WE NOW KNOW?

There is growing consensus that places with carbonized
maize are broadly distributed near the coastal edge
within management areas in Rhode Island that are
called the “coastal zone” and “near interior.” Although
many of the large and complex sites with maize are on
the edges of salt ponds, or just a few meters from mean
high tide, RI 2050 is on a terrace overlooking a small
stream valley 8,000 meters from salt water. Attention
here is paid to development and preservation issues
because all of the research in Rhode Island is based on
Cultural Resource Management studies. Research,
therefore, occurs in those places where development
pressures are the greatest. Locations that are less subject
to development pressure or are not protected by federal,
state, or town statues are rarely studied. Thus, one can
not assume that inland locations were not farmed prior
to the arrival of Europeans simply because maize has
only been found along the coastal edge in studies com-
pleted over the past 30 years. As we have discovered, no
evidence can lead to different conclusions.

For ancestors of the Narragansett Tribe, the intensity of
farming and community life was undoubtedly greatest in,
although not limited to, the coastal margins. They con-
centrated in the same locations as human activity concen-
trates today. Thus, the current evidence for maize agri-
culture in the pre-European archaeological data supports
the historical descriptions presented first by Verrazzano
and later by Williams of intense farming in the coastal
zone of Rhode Island in the A.D. 1500s and 1600s.

Development pressures today are greatest on the most
complex sites, including those where the evidence for
agriculture is most evident. Sites such as RI 15, Fort
Ninigret, and RI 110, are on the edges of coastal salt ponds.
These sites have the greatest concentrations of maize
recovered to date from pre- and post-European contexts.
Many of the archaeological sites in these coastal settings
are now treated as large villages. Each could contain thou-
sands of features, which are only modestly sampled in
data recovery studies. These are locations where it must be
presumed that domesticated plant remains are present.
However, these complex sites are very costly to study.
Even when sediment is collected in detailed studies of

Tonya Largy and E. Pierre Morenon



Calibrated Radiocarbon Dates by Century in Rhode Island

40
@ 35 A
w30 A
9_ 25
© 204
2 154
E 104
= > WV\/\/\
0 e e e S et e e e e e — —————
8888888888¢588885888888°88888¢888¢8
I3HBT5AIREJTeescorve - AT O AT OR
Years BC and AD
Site Radiocarbon Age (B.P.) Lab Number Dating Details Cal 2 o range (A.D.)
1. RI 15 (Fort Ninigret) 360+40 Beta 221206 AMS on maize 1450-1635
380+40 Beta 221207 AMS on maize 1462-1642
2. RI1 2050 910+110 Beta 79659 Charcoal from Fea 1 896-1284
3. RI110 770+70 Beta 92196 Charcoal from Fea 201 975-1155
1000+40 Beta 221662 Shell from Fea 201 1047-1390
720440 Beta 221663 Charcoal from Fea 206 1221-1386
630+40 Beta 221665 Charcoal from Fea 211 1285-1401
4. R1 1818 None
5. RI1 2080 530+70 BP Charcoal from Fea 267 1286-1481
6. RI 2370 110+40 BP Beta 221208 AMS on maize 1667—-1954
7. RI12390 410+50 BP Charcoal from Fea DB 11 1421-1634

Figure 6-5: 279 calibrated radiocarbon dates from all Rhode Island sites plotted by century from 4100 B.C. to A.D. 1900, and all calibrated

maize dates.

these locations, those samples are not always completely
studied, due to funding constraints. Logic would suggest
that our efforts should be greatest where new knowledge
can be gained. Unfortunately, agencies do not enjoy fund-
ing what is unknown, nor are they eager to support stud-
ies of complex archaeological sites where evidence is
often abundant and unexpected discoveries are likely.
Funding agencies do not easily tolerate uncertainty.

The timing of all of the maize currently found and doc-
umented in Rhode Island is consistent with a pre-
European onset. All of the available evidence for maize
falls within the last 1000 years (Table 6-1). The potential
interpretive value of the small sample of maize dates
(Figure 6-5) is magnified when this evidence is combined
with other bodies of evidence, such as the distribution of
all 14C dates from Native American features in Rhode
Island.

The number of dates from all Rhode Island archaeolog-
ical features in sites quadrupled after cal. A.D. 1100, as
shown in Figure 6-5. Midpoint calibrated dates from fea-
tures range between 12 and 36 per century from cal. A.D.
1100 to 1599 and from 0 to 8 per century from cal. 3900 BC
to A.D. 1099, and after cal. A.D. 1600. All types of features
are included in this record: hearths, storage pits, post-
molds, and more. The dates that are compiled in Figure 6-
5 were previously presented in conventional form
(Morenon 1998; Robinson 2002: 46). Converting those
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conventional dates to calibrated dates does not change
previous conclusions, although it does concentrate a few
more dates between cal. A.D. 1100 and 1600 than previ-
ously shown. More importantly, using calibrated dates
facilitates discussions with disciplines that use historical
dating scales.

Human activity, as measured by the number of dated
features per century (Figure 6-5), intensified near
Narragansett Bay between cal. A.D. 1100 and cal. A.D.
1600. Human activity, as reflected in dated Native
American features, slowed down after cal. A.D. 1600. This
intensification occurred in all parts of Rhode Island.
Although not shown here, this intensification of feature
dates is most extreme in locations closest to the coast.
These curves help us identify significant historical events
at the upturn in cal. A.D. 1100 and downturn in cal. A.D.
1600 that require explanation. All the mid-point calibrat-
ed dates on maize and features containing maize (Figure
6-5) occur after cal. A.D. 1100, a point at which human
activity, as measured by the number of 14C dates from
archaeological features, intensified; again increasing from
1 to 8 features per century for 4,000 years to 12 to 36 dated
features between cal. A.D. 1100 and 1600.

Thus, the questions raised at the start of this essay must
now be restated. It does appear that human activity inten-
sified several hundred years prior to the arrival of
Europeans on the shores of Narragansett Bay. The ques-
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tion we now wish to raise is: How is maize agriculture
associated with a period of intensification of human activ-
ity after cal. A.D. 1100 around Narragansett Bay? The new
body of evidence compiled since January 2006 should be
used to critically examine a number of important claims,
not only about the development of maize agriculture, but
also about possible associated ecological, demographic,
social, and political shifts. These complex shifts occurred
throughout New England (Chilton 2005: 155). They are
not restricted to Narragansett Bay. While well beyond the
scope of this paper, one could argue that the Narragansett
people were in a period of great cultural florescence; a
dynamic period of societal and regional growth in the cal.
A.D. 1100s, followed by stability for the next 400 years.
This stable period came to a crashing halt shortly after
Verrazzano appeared in Newport Harbor in 1524. People
living around Narragansett Bay still live with the conse-
quences of that crash (Brown and Robinson 2006:63). We
have argued that this new evidence is consistent with
existing linguistic and historical evidence and interpreta-
tions. The children of Rhode Island can now rest at ease,
Indian agriculture was central to community life for hun-
dreds of years before the Pilgrims arrived.

WHERE DO WE GO FROM HERE?

We are not in agreement about how far to extend the
existing evidence. However, at this point some directions
are clear. It is clear that the presence of domesticates, from
pre-Contact Narragansett villages, farmsteads, and work
areas, in seven locations, are extensively distributed
around Narragansett Bay (Figure 6-3). One site, RI 2370,
contains carbonized maize with an ambiguous AMS date
110440 B.P. (cal. 26 A.D. 1667-1954). Six other archaeolog-
ical sites contain unambiguous evidence of maize from
pre-European features (Table 6-1). Fort Ninigret (RI 15) is
in a state park, which provides some protection and offers
opportunities for its continued study. That site now has
two AMS dates on maize of 360440 B.P. (cal. 20 A.D.
1450-1635) and 340+40 B.P. (cal. 20 A.D. 1462-1642).
Thus, the argument for pre-European maize agriculture
at Fort Ninigret appears to be supported. Whether a
Dutch fort was built on an earlier indigenous village or
within a pre-existing settlement cannot be determined
from this new evidence alone. The remaining five sites
with maize have been studied as cultural resource man-
agement projects. One large pre-European coastal village
site, RI 110, has five features with maize with four dates
between 630+40 B.P. (cal. 20 A.D. 1285-1401) and 1000+40
B.P. (cal. 20 A.D. 1047-1390). Data recovery for a pro-
posed housing development there has exposed dozens of
structures of varying size and shape and hundreds of fea-
tures. We now know that archaeological sites with maize
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occur within a few hundred meters of mean high tide to
several kilometers inland. One, RI 1818, occurs along a
small inland stream. Parts of this site have been preserved
within a road right-of-way. All of this pre-European
maize evidence from archaeological sites in Rhode Island
is consistent with the historic record

Whether the intensification of agriculture was respon-
sible for the settlement shifts and concentration of human
activity around Narragansett Bay after cal. A.D. 1100
remains to be argued. How subsistence evidence connects
to other lines of evidence for intensification needs to be
developed. Furthermore, the mixed Algonquian subsis-
tence pattern, including broad based farming, may well
have intensified further after the arrival of Europeans,
when indigenous population numbers collapsed and
communities were pushed off the coastal margins. It is
clear that conclusions made by archaeologists and
archaeobotanists on the basis of no evidence must be
revised. We should not wait another thirty years to sys-
tematically work together.
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CHAPTER 7

EVOLVING THE THREE SISTERS: THE CHANGING HISTORIES OF MAIZE, BEAN,
AND SQUASH IN NEW YORK AND THE GREATER NORTHEAST

by John P. Hart

The ”three sisters,” maize (Zea mays ssp. mays), bean
(Phaseolus vulgaris), and squash (Cucurbita pepo), were the
dominant crops in many Northeast Native American
agricultural systems during the late prehistoric and his-
toric periods (Hurt 1987; Trigger 1978a). The histories of
these crops have long been of interest to archaeologists
because it is often thought that their adoption and the
intensification of their production were important in the
developments of cultural traits evident in the late prehis-
toric archaeological record and recorded by early
European chroniclers. For example, the development of
matrilineality, matrilocal residence, and longhouses, key
traits of northern Iroquoian groups, has been thought by
some to have developed with the increasing importance
of female agricultural production (e.g., Trigger 1978b).
Alternatively it has been suggested by others that
Iroquoian migrants brought maize-based agriculture to
New York and that this helped them to displace non-agri-
cultural Algonquian groups (e.g., Snow 1995). New
England archaeologists, on the other hand, have debated
for years the significance of maize’s adoption for regional
subsistence-settlement systems and have often contrasted
the New England archaeological record with that of New
York (e.g., Bendremer 1999; Bernstein 1999; Ceci 1979-80;
Chilton 1999, 2002, 2006, this volume; Demeritt 1991;
Petersen and Cowie 2002; Snow 1980; Stein, this volume).

As can be seen in many of the chapters in this volume,
as well as in Hart (1999a) and Hart and Rieth (2002), the
adoption and intensification of maize-based agriculture
are primary topics of interest among archaeologists and
paleoethnobotanists working on late prehistoric times in
the Northeast. The histories of maize, bean, and squash
have been the subject of an on-going research program for
the past decade by me and several colleagues (e.g., Hart
1999b, 1999¢, 2000a, 2001, 2003, 2004, 2007; Hart and Asch
Sidell 1996, 1997; Hart and Brumbach 2003; Hart and
Scarry 1999; Hart et al. 2002, 2003, 2004, 2007a, 2007b,

2008; Thompson et al. 2004). In this chapter, I summarize
the results of that research to date. I also provide brief
overviews of three models that I believe can contribute to
our understandings of the histories and evolution of
maize-bean-squash agriculture in the Northeast and of
the nature of the evidence we use to explore the histories
and evolution of the triad.

SETTING THE STAGE

Polycropping maize, bean, and squash has a long history
in the Western Hemisphere. Evidence for each of these
crops extends back millennia in Central and South
America (e.g., Dillehay et al. 2007; Kaplan and Lynch
1999; Piperno and Flannery 2001; Smith 1997) while there
are much shorter histories in the North American
Southwest, Plains, and East (e.g., Adair 2003; Asch and
Hart 2004; Fish 2003; Schneider 2002). However, it does
appear that whenever these three crops were available,
they were in some manner grown and eaten together (Mt.
Pleasant 2006). In fact soon after Europeans arrived in the
Western Hemisphere, the three crops were transplanted
to Europe and Africa, where they were also often grown
and eaten together (e.g., McCann 2004; Paris 2000; Paris et
al. 2006; Rebourg et al. 2004; Zevon 1997).

As noted by Mt. Pleasant (2006), there may be both
agronomic and dietary benefits to the polycropping sys-
tem of maize-bean-squash. Agronomically, each of the
three crops may benefit the others when grown together
(but see Park et al. 2002). Maize competes well against
weeds and acts as climbing poles for bean vines. As
legumes, bean plants fix nitrogen through symbiotic rela-
tionships with bacteria (Bernai et al. 2004). This nitrogen
may be made available to the other plants (Giller et al.
1991; van Kessel and Hartley 2000), especially when rem-
nants of bean plants are worked into the soil each year
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(Mt. Pleasant 2006:536). Squash plants grow rapidly along
the ground, and their large leaves act as mulch, preserv-
ing soil moisture and suppressing weeds. By mimicking
natural plant communities, polycultures, such as maize-
bean-squash, can be more stable than monocultures; they
may withstand stochastic climatic events better than
monocultures. By using nutrients, light, and water more
efficiently than monoculture systems, agricultural pro-
ductivity may be higher (per unit area) than monocul-
tures (Mt. Pleasant 2006; Tsubo and Walker 2004; Willey
1990; Wooley and Davis 1991; but see Parker et al. 2002).
The ability of farmers to take advantage of polycultures
depends on their knowledge of each crop and each crop’s
interactions with the others within specific environments
(Mt. Pleasant 2006; Wolley and Davis 1991).

Each of the crops also provides complementary value to
diets (Mt. Pleasant 2006). Maize is high in calories but rel-
atively low in protein and is deficient in two critical amino
acids. Bean, on the other hand, is a rich source of protein,
and has an amino acid profile that complements maize.
Eating the two crops together provides a complete array of
amino acids (Kaplan 1965). Squash is high in calories, vita-
mins, and minerals and its seeds are good sources of pro-
tein and oil (Robinson and Decker-Walters 1996).

There are, then, good proximal reasons why these three
crops were frequently grown and eaten together.
However, this does not explain their joint occurrences and
uses. Each of the crops has separate evolutionary and dis-
persal histories. It is necessary to understand these histo-
ries in order to build explanations of the evolutions of the
polycultural systems and the impacts of the crops on
regional subsistence-settlement systems. I will briefly
review the history of these crops in the Northeast gener-
ally and New York specifically, and follow this by a con-
sideration of models that may help in building future
explanations for the crops” histories in the various regions
of the Northeast.

CROP HISTORIES

New macro- and microbotanical evidence and suites of
accelerator mass spectrometry (AMS) dates directly on
macrobotanical crop remains and charred cooking
residues containing microbotanical remains are trans-
forming our understandings of the histories of the three
crops.

Cucurbita pepo

The earliest of the “three sisters” in the Northeast are
cucurbits, commonly referred to as gourds and squashes.
Gourd refers to a fruit that is generally small and extreme-
ly bitter and thus unpalatable, and squash refers to a
palatable fruit that unlike a pumpkin is not round (Paris
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2001:75). Current genetic evidence indicates that the
squashes present in eastern North America prior to the
European incursion had evolved in the East from
Cucurbita pepo ssp. ovifera gourds native to the lower
Mississippi drainage (Decker-Walters et al. 1993, 2002;
Paris et al. 2003; Sanjur et al. 2002). These squashes
included various summer squashes as well as acorn
squash. The earliest published evidence for these gourds
is at the Page-Ladson site in Florida. A direct AMS date of
12,570+100 B.P. (cal. 20 15,105-14,234 B.P.) was obtained
on a gourd seed, but it is not clear that the gourds were
related to human use (Newsom and Mihlbachler
2006:268; Newsom et al. 1993:77-79). Older seeds of
Cucurbita have been recovered from the Latvis-Simpson
also in Florida AMS dated to 31,900+400 B.P. and
31,6104240 B.P. (Mihlbachler et al. 2002:291; also see
Newsom and Mihlbachler 2006:323), although detailed
descriptions of these seeds have not been published to
date. At both sites, the seeds were associated with
mastodon remains.

The earliest evidence in the East for gourd use by
humans comes from Illinois and Tennessee where charred
rinds and seed fragments have been directly dated to a
few centuries on either side of 7000 B.P. (Asch and Asch
1985; Smith 1992). The earliest evidence in the Northeast
comes from the Sharrow Site in Maine, where a rind frag-
ment was directly dated to 5695+100 B.P. (cal. 20
6717-6295 B.P) (Petersen and Asch Sidell 1996). Rind
fragments from the Memorial Park site in central
Pennyslvania were directly dated to 54044556 B.P. (cal. 20
7338-4875 B.P.). The large standard deviation of this date
is offset by a wood charcoal and three bulk soil sample
dates from the same deposit that have a mean pooled age
of 5009+53 B.P. (cal. 20 5900-5644 B.P.) (Hart and Asch
Sidell 1997). More recently, Monaghan et al. (2006) report
the recovery of a gourd rind fragment from Marquette
Viaduct in Michigan, which was directly dated to 3840+40
B.P. (cal. 20 4411-4103 B.P.). Thus, the evidence for early
gourd use in the Northeast, although compelling, is
nonetheless sparse. The wide geographic distribution of
the remains, however, suggests that the finds are not iso-
lated cases (Hart and Asch Sidell 1997), and that addi-
tional finds will be made in the coming years.

The evidence for early squash use in the Northeast is
also sparse. Based on current evidence in the East, it
appears that squashes had evolved by cal. 5000 to 3000 B.P.
and spread fairly rapidly (Monaghan et al. 2006). In the
Northeast, squash rind fragments were directly dated to
2625445 B.P. (cal. 20 2852-2545 B.P.) at the Memorial Park
site in Pennsylvania (Hart and Asch Sidell 1997).
Monaghan et al. (2006; Lovis and Monaghan, this volume)
report a direct date of 2820+40 B.P. (cal. 20 3064-2803 B.)
on an uncarbonized squash seed from the Green Point site
in Michigan. It is not clear if this seed represents Cucurbita
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pepo ssp. ovifera or Cucurbita pepo ssp. pepo, the Mexican
subspecies. Hart et al. (2003; 2007b) and Thompson et al.
(2004) report the recovery of squash phytoliths from
charred cooking residues adhering to the interior surfaces
of a pottery sherds from several New York sites. A residue
with squash phytoliths from the Scaccia site was directly
dated to 2905435 B.P. (cal. 20 3205-2947 B.P.). Adovasio
and Johnson (1981:72-73) report the recovery of an uncar-
bonized seed fragment from the Meadowcroft Rockshelter
in southwestern Pennsylvania in a stratum bracketed by
radiocarbon dates on charcoal of 2820+75 B.P. (cal. 2o
3157-2768 B.P.) and 2815480 B.P. (cal. 20 3158-2762 B.P.).
Another uncarbonized seed was recovered from a higher
stratum at this site with wood charcoal dates between
2134465 B.P. (cal. 20 2321-1951 B.P.) and 2075125 B.P. (cal.
20 2343-1740 B.P). It is not clear if these seeds are from
gourds or squashes, but given the dates, squash seems
likely. What is clear from this evidence is that edible
squashes were present in the Northeast by the end of the
third millennium B.P,, while gourds were in use at least
two millennia earlier.

An important variable in the spread of gourds well into
the Northeast, presumably through human mediation, is
the fact that the flesh of these gourds is extremely bitter
and inedible. The question then becomes, why would
people have made use of these fruits over such a large
region, extending well beyond their probable natural
range? Two hypotheses are that the seeds were processed
for consumption through the removal of seed coat bitter-
ness (e.g., Cowan and Smith 1993) and that the dried
fruits were used as floats for fishnets (e.g., Fritz 1999).
Recently conducted experiments indicate that both uses
are feasible (Hart 2004; Hart et al. 2004). Another possibil-
ity is that a non-bitter morph was discovered and isolat-
ed from gene flow with gourd populations with bitter
flesh. Isolation from gene flow would have been neces-
sary because bitterness is a dominant trait. If farmers
relied on seed stock from the previous year’s crop, cross
pollination between gourds and squashes would result in
ruined squash crops because the bitterness would be
expressed in the F; generation (Robinson and Decker-
Walters 1996:32-33). Asch (1994:41) identified a non-bitter
gourd population in the Red River valley of Arkansas.
“Either Red River farmers all formerly grew non-bitter
gourds, which escaped, or more likely there is a pro-
nounced founder effect and the present population has
descended from a single lineage” (Asch 1994:41). In the
terminology used here, this population would be classi-
fied as squash. This population must have been geneti-
cally isolated from the more common bitter gourd popu-
lations. Interestingly, there is ethnohistoric documenta-
tion of a small sweet squash referred to as vine apple
because of its size (Trumbull 1876). Perhaps this is analo-
gous to the first cucurbits with edible flesh in eastern

North America.

The fruits of Cucurbita pepo squash are highly polymor-
phic with a lengthy list of current cultivars (Paris 2001;
Robinson and Decker-Walters 1996). This phenotypic
variation reflects genetic variation that has arisen over
millennia of crop population interactions with human
populations. Important in the evolution of squashes was
selection for non-bitter flesh, delay in lignification of the
rind, and consequently increased fruit size.

Zea mays ssp. mays

Current evidence indicates a lengthy history for maize in
the Northeast as well. Adovasio and Johnson (1981)
reported the recovery of a maize cob fragment from
Meadowcroft Rockshelter in Pennsylvania in deposits
bracketed by radiocarbon dates on charcoal of 2325+75
B.P. (cal. 20 2700-2147 B.P.) and 2290+75 B.P. (cal. 20
2683-2069 B.P.). No direct dates on maize macrobotanical
remains have approached these early 4C ages, and the
Meadowcroft evidence is generally discounted in discus-
sions of maize history in eastern North America (see
MacConaughy, this volume; Smith 1992). However, the
calibrated 20 ranges of two early dates from Ohio overlap
those of the Meadowcroft dates. Maize macrobotanical
remains from the Edwin Harness site in Ohio (Ford 1987),
have direct AMS dates of 2077+70 B.P. (cal. 2o 2304-1881
B.P) and 2017450 B.P. (cal. 20 2115-1875 B.P.). Somewhat
later, the Grand Banks site in southern Ontario yielded
maize remains that were directly AMS dated to 1730485
B.P. (cal. 20 1861-1416 B.P.) and 17204105 B.P. (cal. 20
1872-1403 B.P.) (Crawford et al. 1997). The earliest pub-
lished directly dated maize macrobotanical remain in
New York is 1050+50 B.P. (cal. 20 1166-833 B.P.) (Cassedy
and Webb 1999). In New England, the earliest direct date
is from Massachusetts at 960+30 B.P. (cal. 20 929-795 B.P.)
(Chilton 2006). There are a number of additional pre-1000
B.P. 14C ages on wood charcoal spatially associated with
maize remains in northeastern North America that may
provide further evidence of early maize in the region (see
Crawford and Smith 1997:114). However, because of the
vagaries of site formation, these early ages must be sub-
stantiated through direct AMS dating (see Conard et al.
1984; Hart 1999¢).

In a series of articles, my colleagues and I have report-
ed on results of analysis of phytoliths extracted from
directly AMS dated charred cooking residues removed
from the interior surfaces of pottery sherds (Hart et al.
2003, 2007b; Thompson et al. 2004). The majority of sherds
are from sites in the northern Finger Lakes region of New
York. Our analyses suggest that maize was being cooked
in pots by 2270435 B.P. (cal. 20 2348-2157 B.P) at the
Vinette site and was certainly commonly used by 1500
B.P. in this region. The phytolith record indicates a more-
or-less continuous presence for maize in the region, with
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all dates but the earliest from Vinette falling within the
range of direct dates for maize macrobotanical remains
from the riverine interior (Hart et al. 2007b). The early
date from Vinette suggests that the macrobotanical
remains from Meadowcroft need to be seriously recon-
sidered as positive evidence for maize use in the
Northeast at this time pending direct AMS dating.
Interestingly, Brown’s (2006a:656) glottochronological
analysis indicates only that maize became a staple some-
time after 3500 B.P.

Based on these results, it appears that maize and
squash were being grown in the region much earlier than
was thought previously. Phytoliths of both squash and
maize have been found together in residues dating as
early as 1525435 B.P. (cal. 20 1518-1345 B.P.) at the Fortin
2 site in the Upper Susquehanna River valley (Thompson
et al. 2004). Bean, on the other hand, appears to have a
shorter history in the Northeast than previously thought.

Phaseolus vulgaris

The macrobotanical evidence for bean in northeastern
North America has changed significantly since the mid-
1990s. A direct AMS date of 658448 B.P. (cal. 20 677-550
B.P.) on a bean cotyledon from Feature 35 at the Roundtop
site in the Upper Susquehanna River valley in New York
(Hart 1999b) contradicted the assertion by Ritchie (1969,
Ritchie and Funk 1973) that bean was present at this site
by the ninth century B.P. Ritchie’s association of bean
with a date on charcoal from another feature of 880+60
B.P. (cal. 20 918-694 B.P) was widely accepted in the
archaeological and paleoethnobotanical literature, and
the bean was often cited as the earliest occurrence in east-
ern North America (e.g., Riley et al. 1990; Yarnell 1976).
My colleagues and I subsequently obtained direct AMS
dates on an additional 35 bean remains from purportedly
cal. pre-650 B.P. contexts at 24 sites across northeastern
North America (Hart et al. 2002; Hart and Scarry 1999).
While not every bean remain from such contexts was
accessible for the project, there is currently no credible
macrobotanical evidence for bean in northeastern North
America prior to cal. 700-650 B.P. Brown’s (2006b) glot-
tochronological analysis is consistent with these results.
While some may question the sole reliance on direct AMS
dates to establish this history, given that so many direct
dates on bean from purportedly pre-700 B.P. contexts
were shown to be late, any purported pre-700 B.P. bean
must be questioned in the absence of a direct date.

None of the residues from pottery analyzed to date
have yielded the distinctive hook-shaped hairs character-
istic of bean pods (see Bozarth 1990). The recovery of a
single hooked hair from residue encrusted on the interior
of a steatite vessel sherd dating to the cal. fourth millen-
nium B.P. (Hart et al. 2008) is undoubtedly from an
indigenous legume given that there is no evidence for
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bean north of Mexico prior to 2500 B.P. (Kaplan and
Lynch 1999).

Summary

It appears at this time that squash and maize have
extended histories in the Northeast, while bean, and
therefore, maize-bean-squash agriculture has a much
shorter history. The maize-bean-squash remains from
Feature 35 at Roundtop, with a pooled mean date of
667430 B.P. (cal. 20 674-559 B.P.) on maize, bean, and a
twig, are the earliest occurrence of the three crops togeth-
er in the Northeast (Hart 1999b). The previous correla-
tions of the development of Iroquoian cultural traits in
New York and southern Ontario with the adoption of
these crops is no longer tenable; each of the crops and the
various Iroquoian traits have separate histories, only
merging together later in prehistory, sometime after cal.
700 B.P. (see Hart 2000b, 2001; Hart and Brumbach 2003,
2005; Hart and Means 2002). The crops did not have
immediate transformative impacts on settlement and
subsistence patterns (compare to Chapdelaine 1993).
Rather, there appears to have been over a millennium of
time during which two of the crops were in use before the
advent of nucleated villages and longhouses with the
inferred matrilocal residence pattern (Hart 2000b, 2001;
Hart and Brumbach 2005; Hart and Means 2002). How do
we explain, then, the adoption of these crops and their
long-term use prior to the advent of the settlement and
subsistence traits to which they have been traditionally
linked?

MODELING CROP ADOPTIONS
AND AGRICULTURAL EVOLUTION

We are presently not in a good position to understand the
implications of the new chronological evidence for maize,
bean, and squash. There is need to think about new ways
of understanding the processes of maize, bean, and
squash adoptions in new areas and the manners in which
archaeological recovery techniques and archaeological
site formation processes bias the recovery of evidence for
these adoptions (Hart 1999¢, 2001, 2003). As often hap-
pens in science, the discovery of new, unexpected evi-
dence requires a change in methods for linking evidence
with theory. This perspective suggests that there is need
to have a larger incorporation of biological theory and
fact into our efforts to understand the adoption and his-
tories of these crops in various regions (Hart 1999¢, 2003).

Three simple models can inform our perceptions of
crop adoptions and histories and the meaning of early
archaeological evidence. These are the biological, shifting
balance, and archaeological recovery models. Each model
builds on the others and has implications for understand-
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ing crop adoptions and intensifications of production. In
the following sections I discuss how these models can
provide important insights on the adoptions and intensi-
fications of these crops in the Northeast, and the kinds of
evidence needed to track the early histories of maize,
bean, and squash in the region.

Biological Model
The biological model (Cleveland et al. 2000; Falconer and
Maekay 1996; Soleri and Cleveland 2004) is expressed by
this very simple equation:

(1) Vp=V5+Vg+ Vg
where:

Vp is population phenotypic variation,

V, is population genotypic variation,

Vg is environmental variation, and

Vi, 18 genotypic-environmental interaction.

Environmental variation can in turn be broken down into
at least three components as expressed by this equation:
(2) Vg=Vp +Vi+Vy
where:
V| is variation in location including edaphic and
climatic variation,
V1 is variation in time including season, and
V), is variation in human crop management
activities.

Each of these, of course, is affected by the interactions of
human and crop populations. Variation in location results
from the human-determined siting of agricultural fields,
which includes the frequency of field movement to track
that of human populations across the landscape (Hart
1999¢, 2001). Because plants are sessile, they must be
adapted to a specific location (Bradshaw 1972; Linhart
and Grant 1996). For example, environmental conditions
explain the diversity of maize varieties in non-industrial-
agricultural areas of Mexico and Central America
(Anderson 1947; Brush and Perales 2007). V; is deter-
mined by human-mediated planting schedules. V), is
determined by human activities concerned with the man-
ners in which crops are planted and tended. This latter is
affected by V| because management includes develop-
ment of the agroecology in which crop plants are grown
(Rindos 1984), thus necessitating the addition of an inter-
action term in the equation so that it becomes :
(B) Vg=V, +Vy+Vy+ Vo
where:
Vi is the interaction between location and man-
agement (see e.g., Gémez et al. 2000;
Pressoir and Berthaud 2004a, 2004b; Soleri
and Cleveland 2001, 2004; Smale et al. 2001).

While the model is quite simple, it has important impli-
cations for how crops would have responded to adoption

in new areas. In present day industrial agriculture, large
expenditures of energy and resources are made to cus-
tomize agricultural fields to specific crop varieties
(McCann 2004). This represents a major departure from
the long history of small scale agriculture in which crops
were adapted to specific locations via selection acting on
intrapopulational variation resulting in the many vari-
eties evident in the ethnohistorical record and maintained
traditional crops (e.g., Parker 1910; Russell 1980; Waugh
1916). The relationships between environment, popula-
tion structure, and management on crop diversity are
well established in traditional farming communities, for
example, in Mexico (e.g., Longmire and Moldashev 1999;
Soleri and Cleveland 2001).

In order to understand crop adaptations, it is necessary
to understand the sources of variation on which selection
could act. Founder populations represented the introduc-
tions of crops into new areas (see Hart 1999¢). Variation in
the first generation of a founder population, V;, was
dependent on the variation in the parent population, the
sample of that variation captured in the seeds entering
the new area, and any subsampling done thereto by the
adopting human population (Hart 1999¢; also see Taylor
and Keller 2007). This can be expressed by the following
equation :

4) Va1 =Vepar— Vasi ~ Ves2
where:
V(; is the variation in the first generation of the
founder population,
Vpay 18 the variation in the parent population,
Vg is the variation not in the sample of the
parent population, and
Vg, is the variation removed by any subsequent
subsampling.
The genetic variation in the founder population would
determine in part its ability to survive in and become
adapted to its new environment through selection (Hart
1999¢).

Subsequent variation in the founder population would
be determined by environmental and genetic variation as
expressed in the original equation:

(1) Vp=Vg+Vp+ Vg
in which Vy includes the term V) ;, which in turn includes
human activities that would have affected genetic varia-
tion, including sampling, selection biases, and inclusion of
seed from other populations obtained by trade in subse-
quent plantings, among others.

Also important to include in our understandings of the
processes involved in establishing new crop populations
is the concept of heritability (Cleveland et al. 2000;
Falconer and Mackay 1996). Broad-sense heritability is
that portion of phenotypic variation resulting from genet-
ic variation: V;/Vp. Narrow-sense heritability is the actu-
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al proportion of phenotypic variation resulting from
genotypic variation directly transmittable to the subse-
quent generation, or additive variation: V,/Vp.
Important for our purposes here is that not all phenotyp-
ic variation is heritable and thus subject to human medi-
ated selection. So, for example, mass selection for produc-
tivity by choosing kernels from the best maize cobs in a
given field in a given year may not produce more pro-
ductive subsequent generations in different years in dif-
ferent fields, or even the same field under different cli-
matic conditions (e.g., more or less rain).

Shifting Balance Theory Model

The second model is Sewall Wright's (1932, 1978a) shift-
ing balance theory of evolution or SBT. An important
component of which is the fitness landscape, represented
here in its simplified two-dimensional form (Figure 7-1).
Although a fitness landscape is actually n-dimensional,
for conceptual purposes it can be simplified as a topo-
graphic map with the contour lines representing fitness
values for the alleles of two genes or the expressions of
two phenotypic traits on the X and Y axes. The peaks rep-
resent fitness optima and the valleys low fitness states.
Given sufficient genetic variation, selection will always
push a population up the nearest fitness peak regardless
of whether there are higher peaks on the fitness land-
scape. Given that selection will then act to maintain a
population on its peak, the primary issue in adaptive evo-
lution is how a population can move to and ascend a
higher fitness peak (Wright 1978a).

While SBT was designed and is still used as a general
model of evolution (e.g., Nicklas 1997, Wade and
Goodnight 1998), it was devised by Wright based on his
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Figure 7-1 Simplified two-dimensional fitness landscape (after Sewall
Wright 1932)
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knowledge and experience with agriculture (Provine
1986; Wright 1978b). As a result, it should have general
applicability in modeling prehistoric agricultural evolu-
tion (Hart 1999¢c). Under SBT, a population is split into
numerous subpopulations, or demes, partially isolated
from gene flow, and scattered across the fitness (and
physical) landscape. Three forces interact in the adaptive
evolution process: selection, drift (or chance), and gene
flow as affected by population structure and migration.
While each of these forces may hold sway at a given time,
the three balance out in population adaptive evolution.
SBT occurs in three phases. In Phase I, demes move across
the fitness landscape as a result of genetic drift—the sto-
chastic part of the process. In Phase II, one or more demes
approach fitness peaks and ascend them as a result of
selection working on genetic variation. In Phase III
migrants from the more fit demes, those on higher fitness
peaks, pass favorable gene complexes to less fit demes,
allowing them to ascend higher fitness peaks, thus
increasing the fitness of the whole population.

Maize, is a monoecious plant, producing both stami-
nate (male) and pistillate (female) flowers. The male
flower, the tassel, is located at the top of the plant, while
the female flowers are located further down the stalk.
This arrangement minimizes self-fertilization (selfing).
Fertilization is anemophilous (achieved by the movement
of pollen by wind). In theory, each kernel on a maize ear
may have a different male parent. Cucurbita pepo is also a
monoecious plant, but it is entomophilous (insect polli-
nated), most commonly by solitary bees of the genera
Peponapis and Xenoglossa (Hurd et al. 1971). Each flower is
open a single day, and insects are attracted to both male
and female flowers by nectar. The production of male and
female flowers is determined by levels of female hor-
mones in the plant, and this in turn is affected by various
factors including temperature, moisture availability,
stress, age of plant, photoperiod, maturing fruits on the
plant, and inbreeding depression (Avala-Shkar et al. 2001;
Hayes et al. 2005a; Johannsson and Stepenson 1998;
Robinson and Decker-Walters 1996). The production of
flowers on any given plant is timed to minimize selfing
(Robinson and Decker-Walters 1996). In the absence of
pollination, fruits may develop parthenocarpically (with-
out fertilization) late in the season when temperatures are
lower and day lengths are shorter (Robinson and Decker-
Walters 1996:19).

Both Zea mays and Cucurbita pepo are subject to inbreed-
ing depression in small populations in the absence of
gene flow through repeated mating in a population of
close relatives. Inbreeding has a variety of deleterious
effects that lower fitness in these species (e.g., Hallauer
and Miranda 1988; Hayes et al. 2004a, 2004b, 2005a,
2005b; Jéhannsson et al. 1998; Jugenheimer 1976). As a
result, prior to their becoming major crops, the popula-
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tion structure most feasible for a maize or cucurbit pop-
ulation’s long-term survival was that envisioned by
Wright in SBT (see details in Hart 1999c¢).

By returning to the biological model we can see how a
population structure as in SBT, created through cucurbit
and maize dispersal within dispersed human popula-
tions, would affect genetic variation. Drift and sampling
would increase the amount of genetic variation (VG)
within the population as a whole even while limiting it
within a given deme. Environmental variation (V)
would increase for the population as a whole through dis-
persal across the physical landscape (Vi) as well as
through varied management (V,,) practices by compo-
nents of the dispersed human population and the interac-
tion between location and management (VMxL). These
would both serve to locate crop demes on the fitness land-
scape and, if fields remained in place for long enough,
would allow a deme or demes to ascend fitness peaks
given enough genetic variation. Changes in the physical
environment such as in field locations or management
practices, and changes in genetic structure caused by
samplings of seed for subsequent years’ crops, gene flow
between populations, and random climatic events,
among other variables could relocate a deme onto anoth-
er fitness peak, either higher or lower. Such variables
could also result in an entirely new fitness landscape.

Exchange of seed stock among components of the dis-
persed human population (seed flow; e.g., Pressoir and
Berthaud 2004a; Rice et al. 1997) would affect gene flow
within the crop population, potentially increasing genetic
variation (V;) within demes and populations. Cross pol-
lination between demes and even populations in cucur-
bits is very feasible because insects can and do travel rel-
atively long distances. Cross pollination between maize
demes is less likely and probably extremely rare between
populations because maize pollen does not generally dis-
perse more than a few hundred meters beyond the edges
of maize fields (e.g., Bannert and Stamp 2007; Goggi et al.
2006; Luna et al. 2001). Different timing of anthesis in
maize populations will also isolate those varieties from
gene flow with one another (Pressoir and Berthaud
2004b). We would also expect a large amount of pheno-
typic variation in the population resulting from genetic
and environmental interaction (V,g), only a small por-
tion of it being heritable in the narrow sense. However,
because of frequent settlement and, therefore, agricultur-
al field movement, some crop demes may never have
ascended fitness peaks, but, rather, were kept in constant
motion on the fitness landscape as in the Red Queen
hypothesis (Van Valen 1973).

Phaseolus vulgaris has hermaphroditic flowers, contain-
ing both stamens and pistelles, and is largely selfing; any
cross pollination is entomophilous. The outcrossing rate
for this species is 5% or less (e.g., Ferreira et al. 2000, 2007;

Ibarra-Pérez et al. 1996, 1997). Because it is selfing and
does not suffer inbreeding depression in the absence of
gene flow, once it had become adapted to broad environ-
mental conditions, such as photoperiod and temperature
(Massaya and White 1991) it could have spread fairly rap-
idly. The need for a population structure to ensure genet-
ic variation as in SBT was not important for early adop-
tion and dispersal of this crop as it was for maize and
cucurbits. However, its dispersal across varying environ-
ments would result in the evolution of varieties.

We can see, then, that the adaptive evolution of maize
and squash adopted into a new region was affected to a
large degree by the structure of the adopting human pop-
ulation, including its internal dispersal and frequency of
movement across the physical landscape, as well as the
interaction between components of dispersed popula-
tions (Hart 1999¢, 2001). As a result, we should not expect
any simple linear trend in the evolution of agricultural
systems in any given region. Rather we should envision a
series of fits and starts, some leading to dead ends and
extinctions of founder populations, and others to short- or
relatively long-lived peaks in crop reliance prior to the
widespread phenomenon of agricultural dependency
throughout those regions (cf. Hart 1999¢; Rindos 1984).

Archaeological Recovery Model

The third model is the archaeological recovery model,
which connects the biological and shifting balance mod-
els to what we find in the archaeological record (e.g.,
Lopinot 1992:55-59; Miksicek 1987). I will use macrobot-
anical remains as an example because they have been
used most frequently to address issues of crop adoptions,
at least in eastern North America.
The probability of identification (P) of crop remains at
a site can be represented by this equation:
(5) P,=P, x Py
where:
P, is the probability of a crop entering the archaeo-
logical record, and
Py is the probability of probability of crop remains
being recovered at a site on which it is pre-
served.

P, is captured in this equation:
(6) P, =PgxPcxPg xPp
where:
Pg is the effect of site use, which is expressed in
this equation:
(7) Pg=5;+S; +5Sp
where:
Sy is the intensity of site use,

S, is the length of site use, and
Sg is the frequency of site use.
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Each of these reflects the amount of time spent on a par-
ticular location and the number of cooking events that
occur at that location. The greater the number of cooking
episodes, the greater the probability that crops will be lost
and deposited in a context that ensures their preservation.
For example a site that is occupied on a seasonal basis (S; )
repeatedly over a period of many years (Sg) by a relative-
ly large number of people (S;) provides a greater proba-
bility of crop remains entering the archaeological record
than does a site occupied only a few times (Sg) during the
same season (S; ) by a smaller number of people (S;).
P is the effect of a crop’s use, which is expressed in the
equation:
(8) Po=Co+C+C +Cq
Where
C is manner(s) in which the crop was cooked at a
site,
C, is the intensity of the crop’s use at the site dur-
ing any given occupation,
C, is the length of the crop’s use in any given occu-
pation, and
Cg is the kind of facilities in which maize was
stored between harvesting and consumption.

The interaction of site use and crop use, Pgy -, determine
the probability that the crop will be lost and charred
and/or charred and purposefully discarded.

P, is the probability of the deposition of charred
crop parts in a context favorable for preserva-
tion.

This depends on the crop parts being processed and their
exposure to heat for charring or conditions that facilitate
desiccation or deposition in moist anaerobic conditions
(e.g., Goette et al. 1994; King 1987; van der Veen 2007;
Wright 2003).

King (1987:146-149) found that dried, flint maize ker-
nels were more likely to preserve during charring than
were fresh, moist kernels, which tend to pop and distort
(also see Wright 2003). In fact, King (1987:147) suggests
that many of the kernels found in the archaeological
record were flint kernels processed as hominy, resulting
in the crescent shape typical of especially later archaeo-
logical sites. “Given the difficulty of carbonizing maize
kernels without distortion, it appears likely that many of
the whole, well-preserved, maize kernels that occur in
archaeological sites represent maize that had been boiled
or made into hominy. More fragmentary remains may
represent that carbonized during parching or roasting.”
Goette et al. (1994:8) reported similar results, “the mote
[hominy] kernels were the quickest to char and were the
most durable after charring, thereby making them the
strongest candidates for preservation. In addition, they
show the closest resemblance to much archaeological
maize in lacking their pericaps, often their points of
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attachment, and occasionally their embryos.” Myers
(2006) suggests that hominy technology was adopted rel-
atively late across eastern North America. Wright
(2003:582) found that preservation is more likely at lower
temperatures and shorter exposure times in reducing
atmospheres and when specimens are moist (also see
Goette et al. 1994:12).

Cucurbit use was a major determining factor in its
entering the archaeological record. For example, if Mid-
Holocene gourds were use primarily as fish net floats, it
seems unlikely that they would be exposed to fire fre-
quently enough to enter and preserve in the archaeologi-
cal record. A higher probability for entering the archaeo-
logical record would obtain if heat was used to process
gourd seeds and/or flesh for consumption (Hart 2004;
Hart et al. 2004). However, even in some cases where
squash use was documented on ethnohistorically record-
ed sites, macrobotanical remains are very rare (Hart and
Asch Sidell 1997:530).

To my knowledge, experiments similar to those done
with maize kernels have not been performed for bean
seeds. However, it has been my experience that bean
cotyledons do preserve well, including seemingly fragile
diagnostic structures such as the plumule and hilum
(Hart et al. 2002). It seems likely that short exposure time
in a reducing atmosphere would increase the probability
of bean being charred and entering the archaeological
record.

At late prehistoric village sites where it can be reason-
ably inferred that crops were used year-round by large
numbers of people only fragmentary remains are typical-
ly found, except where subterranean storage facilities
were burned or maize cobs were used as fuel in smudge
pits. However, with maize, the remains tend to be more
ubiquitous than at earlier, seasonally occupied, sites. If
Myers (2006) is correct that hominy technology was a rel-
atively late development in eastern North America, it
might in part explain this pattern (C).

The probability of crop remains being recovered at a
site, on which it is preserved, Py, is captured in this equa-
tion:

(9) Pr=Eq+T+Lg+1

where:

Eg is excavation sampling relative to the frequency
and distribution of maize on the site,

T is the recovery technique used (such as flota-
tion),

Lg is the sampling intensity in the lab, and

I is the identification effort in the lab.

As should be evident, the greater the effort expended on
each of these variables, the greater the probability that
rare macrobotanical remains will be found. For example,
the earliest, directly dated maize macrobotanical remains
in eastern North America are from the Holding site (Riley
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et al. 1994), with a pooled mean of 2037+41 B.P. (cal. 20
2115-1898 B.P.) on directly AMS-dates maize remains. A
total of 5,340 liters of soil were processed at this site yield-
ing only 19 pieces of charred maize. A less intensive sam-
pling and identification effort may very well have missed
these early remains. However, at a site where Sy Sp, and
Sp were all high and cooking methods favored preserva-
tion, less intensive sampling and identification efforts will
probably result in maize recovery and identification. This
model can be modified to reflect any physical line of evi-
dence for crops such as phytolith assemblages in charred
cooking residues. The major categories do not change, but
the specific elements will.

CONCLUSION

The adoption and perpetuation of agricultural crops in
new locations is not always a simple proposition, nor is
the recovery and identification of crop remains. What
should be clear from the preceding discussion is that
numerous interacting biological and cultural variables
influence the success of a crop’s adoption and perpetua-
tion as well as its preservation and discovery in the
archaeological record. In essence, the recovery and identi-
fication of crop remains from the archaeological record is
the terminal point of a long probability tree. Each such
probability tree encompasses numerous nodes including:
(1) the actions of prehistoric individuals and their deci-
sions regarding the management of those crops, (2) the
nature of prehistoric settlement patterns, (3) the nature of
prehistoric storage and cooking processes, and (4) the
decisions of archaeologists and paleoethnobotanists
regarding sampling and processing both in the field and
laboratory. Each probability tree connects the actions of
modern archaeologists and paleoethnobotanists with
those of ancient farmers. Each of the various steps on a
probability tree must be carefully considered and mod-
eled. Doing so will allow us to better understand the
meanings of the crop remains we find on archaeological
sites.
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CHAPTER 8

CULTIGENS OF THE AMERICAN NORTHEAST: A PHYTOLITH STUDY

by Katy Serpa

Researchers during the 1970s became widely aware that
phytoliths with taxonomic significance are produced in
large numbers by many different types of plants.
Moreover, it was found that phytoliths exhibit remarkable
durability in soils and sediments over very long periods
of time, therefore creating an increasingly popular study.
Phytolith research in North American archaeology began
to grow extensively during the late 1980s and 1990s, most
notably from the work of Steven Bozarth and Susan
Mulholland. Their research was mainly centered upon
grass and Cururbita phytoliths. However, many other
plants exploited during prehistory, and especially ones
native to the Northeast, remained unexplored.

The aims of this research are to create a phytolith refer-
ence collection for commonly utilized plants in Northeast
American prehistory. Twenty-one species were selected
for this study and the presence or absence of morpholog-
ically distinct phytoliths was determined. Two systematic
approaches were applied during analysis; a botanical
approach in which articulated phytoliths were examined
for distinct features and a morphological approach,
which relied on the shape of disarticulated phytoliths.
The results of this comparative collection have illustrated
that there is great potential for phytolith research on
plants indigenous to the American Northeast.

Phytoliths, literally meaning “plant-rocks,” are opaline
silica bodies formed in epidermal and other plant cells
due to the uptake of monosilicic acid in the ground water
(Pearsall 2000:356) and often consist of complete sections
of silicified epidermal tissue in the form of articulated
cells. Because phytoliths are mineral, they resist decom-
position, and are usually deposited in situ. Transport, for
example by wind, of phytoliths is rare and they are usu-
ally found in situ because the opaline silica bodies are
deposited where the plant has decayed. In addition, ver-
tical phytolith movement within the soil has been found
to not cause unique or distinctive problems in phytolith

study (Piperno 2006:111). Phytoliths do not rely on car-
bonization to be preserved and may reveal plants that
would otherwise remain invisible in the archaeological
record. These factors make phytoliths a useful diagnostic
tool used in archaeological analysis. Their remarkable
preservation enhances the recovery of data and interpre-
tation of sites that are, for example, inimical to pollen, and
makes their study in conjunction with plant macro-
remains invaluable (Dincauze 2000:363).

However, the presence or absence of morphologically
distinct phytoliths in many plants indigenous to North
America is not yet known. In addition, phytolith system-
atics and taxonomy are not universal and a standard clas-
sification still needs to be accepted. In an effort to stan-
dardize the nomenclature used to describe and record
phytoliths an International Code for Phytolith
Nomenclature (ICPN) was developed by the Society for
Phytolith Research (SPR) in conjunction with the
International Working Group on Phytolith Nomenclature
(IWGPN) (Madella et al. 2005:253).

In the current study, phytoliths produced in the fruit,
inflorescence bracts, leaves and stems of 21 plants from
northeastern North America are examined. When possi-
ble the edible part of the plant was selected for sampling.
This was done for two reasons. First, this section of plant
will most likely turn up in the archaeological record.
Second, Piperno (2006:19) has noted that a higher phy-
tolith content may occur in fruits and other structures
containing seeds rather than in the leaves and stems of
silicon-accumulating plant species. This is true for many
cultivated cereals. Therefore, six specimens from the
Poaceae family and one from the Brassicaceae family
were separated into inflorescence and a combination of
leaves, stems and awns for the purpose of inferring crop
processing procedures. The 21 species used in this study
were maize (Zea mays ssp. mays), Virginia wild rye
(Elymus virginicus), Canada wild rye (E. canadensis),

Current Northeast Paleoethnobotany II, edited by John P. Hart, New York State Museum Bulletin 512 © 2008, by The University of the State of New
York, The State Education Department, Albany, New York 12230. All rights reserved.



Table 8-1. Sources of plant specimens from the Rochester Academy of Science Herberium

Current Taxonomy

Herbarium Sheet Species Listing, Plant Part Sampled, and Source of Sample

Zea mays ssp. mays
Zea mays ssp. mays
Zea mays ssp. mays
Zea mays ssp. mays
Elymus virginicus
Elymus virginicus
Elymus canadensis

Phalaris caroliniana

Phalaris caroliniana
Hordeum pusillum
Hordeum pusillum
Zizania palustris
Zizania palustris
Zizania aquatica
Elymus repens
Elymus caninum
Lepidium densiflorum

Lepidium densiflorum
Lepidium virginicum

Lagenaria siceraria
Cucurbita foetidissima

Strophostyles helvula

Phaseolus polystachios
Nicotiana rustica

Polygonum erectum

Chenopodium berlandieri

Helianthus maximiliani
Iva annua

Zea mays — inflorescence (no source listed)
Zea mays — inflorescence (no source listed)
Zea mays — inflorescence (no source listed)
Zea mays — inflorescence (no source listed)
Elymus virginicus L. — inflorescence, Border of Mud Creek, Newark, N.Y. 9/16/1871 E.L. Hankenson
Elymus virginicus — leaf, stem
Elymus canadensis L. var. glaucifolius — leaf, stem, inflorescence, Point Pleasant, NY
Foot of hill 8/7/1941, DW White
Phalaris caroliniana Walt. — leaf, stem, 6/23/1950 Ralph W. Kelting Common along dewatered
shoreline of Mallard Cove, Salt Plains Lake, Alfalfa Co. Oklahoma
Phalaris caroliniana — inflorescence
Hordeum pusillum Nutt. — leaf, stem, Peoria, . Dry sandy soil, F.E. McDonald June 1903
Hordeum pusillum — inflorescence,
Zizania palustris L. —inflorescence, Tuckahoe, N.J. 8/24/1916 E.P. Killip
Zizania palustris — leaf, stem, awn
Zizania aquatica L. — leaf, stem, inflorescence, Genesee River, Monroe Co. July 1877 M.S. Baxter
Agropyron repens —inflorescence
Agropyron caninum Beauv. — leaf, stem, inflorescence, Bergen, NY 8/18/1918 M.S. Baxter
Lepidium densiflorum (L. apetalum Willds) — stem, inflorescence, H.R. Goodwin Mendon Ponds,
Monroe Co. NY 7/12/1941
Lepidium densiflorum — seeds
Lepidium virginicum L. — leaf, stem, inflorescence, June 30 1906 Dry sandy field
Rochester, NY, V. Dewing
C. Lagenaria vulgaris — leaf, flower (petal) “Dipper Gourd” Aug 1928 Stay, KY garden A.B. Suydam
Cucurbita foetidissima H.B.K. — leaf, flower (whole) (C. pepo not available)
“Pumpkin” Aug 1917 Florence Beckwith, Trinidad, CO (also wild pumpkin 1912)
Phaseolus diversifolius Pers. (Strophostylus angulosa Ell.) — leaf, stem, inflorescence
(P. vulgaris not available) Sand Bar, Irondequiot Bay NY 8/29/1869 George T. Fish
Phaseolus polystachios BSP. — leaf, stem, inflorescence, Sodus Bay, NY August 1867 E.L. Hankenson
Nicotiana rustica L. — leaf, stem, flower Hudson Ave dumping ground waste field, Rochester, NY
10/5/1920 D.M. White
Polygonum erectum L. Roth; var — leaf, stem, inflorescence, J.B. Fuller collected “door-yard,
with ariculare 1865
Chenopodium berlandieri sutjn. zschackei — leaf, stem, inflorescence, Kansas City, MO 8/3/1926
“watte ground” B.F. Bush Smithsonian Institute US National Herbarium
Helianthus maximiliani Schrad. — Seeds (no source listed)
Iva annua L. — Seeds, Mississippi County, Missouri Collected November 1985

Cururbita pepo ssp. ovifera var. ozarkana Cururbita pepo ssp. ovifera var. ozarkana — Rind Southwest Missouri Collected in 2000

Phaseolus vulgaris

Phaseolus vulgaris — seeds and pod, Local garden in Rochester, NY

maygrass (Phalaris caroliniana), little barley (Hordeum
pusillum), annual wild rice (Zizania aquatica), northern
wild rice (Z. palustris), wheatgrass (E. caninum), common
pepperweed (Lepidium densiflorum), Virginia pepperweed
(L. virginicum), buffalo gourd (Cururbita foetidissima),
pumpkin (C. pepo), bottle gourd (Lagenaria siceraria), thick-
et bean (Phaseolus polystachios), common bean (P. vulgaris),
trailing wooly bean (Strophostyles helvula), marshelder (Iva
annua), Maximilian sunflower (Helianthus maximiliani),
tobacco (Nicotiana rustica), erect knotweed (Polygonum
erectum), and goosefoot (Chenopodium berlandieri). These
species were selected because of their historical, econom-
ical, agricultural and archaeological significance in the
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Northeast (Crawford and Smith 2003; Hart 1999; Scarry
1993; Smith 1992).

MATERIALS AND METHODS

Reference material from dried plants indigenous to New
York (Mitchell and Tucker 1997) was obtained by permis-
sion of the Rochester Academy of Science Herbarium, the
New York State Museum, and the Smithsonian Institution
(Table 8-1). Plant tissue from the leaf, stem, and inflores-
cence was extracted and separated into 29 samples, and
incinerated at 500 °C in a Coneart BX-119 digital electric
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Figure 8-1. Common disarticulated phytolith types (Madella et al. 2005:253-260). Reprinted by permission of Oxford University Press.

kiln for 8 to 16 hours. The ashed material was then
mounted on a microscope slide with Piccolyte and left for
4 weeks in a fume cupboard to dry. Optical microscopy
was used at magnifications of 100x and 430x, and images
of the extracted phytoliths were recorded using a Nikon
CoolPix 900 digital camera. If phytoliths were present,
phytolith types produced by each species were noted and
described. In the absence of digital image analysis soft-
ware, measurements were calculated with an eyepiece
micrometer at magnification of 430x and are therefore
imprecise. The results of each measurement had to be
multiplied by a factor of 2.38 to equal their true ym meas-
urement.

Each of the 30 slides was scanned a minimum of 10
times across to assess the variety of phytoliths present. All
phytoliths of interest were recorded in a database and
photographed. When a phytolith was identified as hav-
ing distinctive characteristics it was assigned a name fol-
lowing the ICPN rules and coding. The shape and texture
for each new phytolith was described using descriptors
from the ICPN Glossary (Madella et al. 2005:253). To
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ensure the utility of the glossary for the international
community, terms with Latin or ancient Greek roots were
used. It is important, in general, to note that caution
should be used when assigning taxonomic significance to
a phytolith type. If a phytolith is observed in a species but
no other comparative studies are available, then the
phytolith should be published as observed in that species
and not as diagnostic of that species or higher-level taxo-
nomic unit (Madella et al. 2005:253).

In addition to new phytolith types, commonly occur-
ring disarticulated phytolith types were recorded for each
slide (Figure 8-1). This frequency, derived from counting
both new and common disarticulated phytolith types, is
also referred as a phytolith assemblage. Phytolith assem-
blages are used to infer plant taxa in a morphological
approach to phytolith systematics. As well as individual
opaline silica bodies, or disarticulated phytoliths, articu-
lated phytoliths were recorded for each slide. Articulated
phytoliths, also known as silica skeletons, retain a combi-
nation of characteristic cells, which can be used in the bio-
logical approach to identify particular plant taxa.
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RESULTS

Twenty-one species from 10 plant families were analyzed
on 29 slides. Below is a list containing their species and
family Latin names and common names are presented in
Table 8-2. Listed in Table 8-3 is whether the inflorescence
was separated from the leaf and stem to infer plant pro-
cessing. All plants from the Poaceae family were selected
to be separated into a minimum of two slides due to the
grass family’s tendency to produce distinctive phytoliths.

As expected, all plants examined from the Poaceae
family produced phytolith assemblages of known phy-
toliths types. In addition, some of these plants produced
articulated phytoliths. As stated earlier, both classification
systems may be used to interpret plant taxa. Phytoliths
produced by Zea mays have been researched for many
years, and extensive literature has been produced on the
topic (Pearsall 2003; Piperno 2006). Insomuch, there is lit-
tle need to recount this information in this chapter. The
current research has reaffirmed the presence of the dis-
tinctive and diagnostic cross and rondel phytoliths
(Figure 8-2). Recent phytolith research has found evi-
dence of maize in New York as early as ca. 2270 B.P. (Hart
et al. 2003, 2007; Thompson et al. 2004).

Interestingly, Elymus spp. exhibited distinct articulated
dendritic phytoliths normally diagnostic to Triticum spp.,
wheat, an Old World crop (Figure 8-3, Ball 1993, 199,
2001; Rosen 1992). Triticum spp. is unique in that meas-
urements of the articulated dendritic phytoliths, found in
fossilized sections of epidermal tissue, can be taken to

Table 8-2. Species and Family names of plants examined.

Figure 8-2. Zea mays ssp. mays inflorescence cross shape phytolith.

infer a specific species, a level of precision not usually
observed in phytolith research. This patterning is com-
monly seen in Hordeum spp. as well. However, Hordeum
pusillum, little barley, examined in the current study did
not display the usual articulated dendritic phytoliths
known to be present in Old World barley (Figure 8-4) (but
see Hart et al. 2008).

Further research is needed for Zizania spp., wild rice.
Oryza sativa, rice, indigenous to the Old World, exhibits a
distinctive “double-peaked cell” (Zhang and Wang 1998;
Zhao 1998). Oryza and Zizania are classified in the same

Species Common Name Family Common Name
Zea mays ssp. mays maize Poaceae grass
Elymus virginicus Virginia wild rye Poaceae grass
Elymus canadensis Canada wild rye Poaceae grass
Phalaris caroliniana maygrass Poaceae grass
Hordeum pusillum little barley Poaceae grass
Zizania aquatica annual wildrice Poaceae grass
Zizania. palustris northern wildrice Poaceae grass
Elymus caninum wheatgrass Poaceae grass
Lepidium densiflorum common pepperweed Brassicaceae mustard
Lepidium virginicum Virginia pepperweed Brassicaceae mustard
Cucurbita pepo pumpkin Cucurbitaceae gourd
Cucurbita foetidissima buffalo gourd Cucurbitaceae gourd
Lagenaria siceraria bottle gourd Cucurbitaceae gourd
Phaseolus vulgaris common bean Fabaceae bean
Phaseolus polystachios thicket bean Fabaceae bean
Strophostyles helvula trailing wooly bean Fabaceae bean
Helianthus maximiliani Maximilian sunflower Asteraceae aster

Iva annua annual marshelder Asteraceae aster
Nicotiana rustica tobacco Solanaceae nightshade
Polygonum erectum erect knotweed Polygonaceae buckwheat

Chenopodium berlandieri

goosefoot

Chenpodiaceae

goosefoot
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Figure 8-3. Articulated dendriform phytoliths — Elymus repens inflores-
cence (not part of the study).

subfamily, Oryzoideae, but belong to different tribes,
Oryzeae and Zizanieae, respectively. This diagnostic phy-
tolith may have been observed in the Zizania spp. samples
examined in the current study. However, this cannot be
confirmed due the limitations of optical microscopy. The
few examples of what is thought to be the double-peaked
cell encountered in the Zizania spp. samples are difficult
to interpret within a two dimensional field. This would be
resolved using a scanning electron microscope, a method
beyond the scope of this research.

Lastly, Phalaris caroliniana (Figure 8-5) possessed a phy-

Table 8-3. Number of slides examined for each species.

Figure 8-4. Phytoliths from a leaf of Hordeum pusillum.

tolith assemblage containing many of the disarticulated
phytolith types listed in Figure 8-1. Further research is
required to determine if the types noted within Phalaris
caroliniana are indicative to this plant taxon.

Few samples exhibited different phytolith assemblages
for each plant part studied. Most notably are Elymus spp.
(Figure 8-6). Only the inflorescence of each of the species
examined displayed the distinctive articulated dendritic
phytoliths. This patterning was lacking in the leaf epider-
mal samples. Moreover, the inflorescence of Elymus spp.
can be separated into glumes, lemmas, and paleas to infer

Species Number of Slides

Zea mays

Elymus virginicus
Elymus canadensis
Phalaris caroliniana

Not separated — 1 slide

Leaf, stem, seeds, and inflorescence all separated — 4 slides
Inflorescence separated from leaf and stem — 2 slides

Inflorescence separated from leaf and stem — 2 slides

Hordeum pusillum Inflorescence separated from leaf and stem — 2 slides
Zizania aquatica Not separated — 1 slide
Zizania palustris Inflorescence separated from leaf and stem — 2 slides

Elymus caninum
Lepidium densiflorum
Lepidium virginicum
Cucurbita pepo
Cucurbita foetidissima

Not separated — 1 slide

Not separated — 1 slide
Not separated — 1 slide
Not separated — 1 slide

Lagenaria siceraria
Phaseolus vulgaris

Phaseolus polystachios

Not separated — 1 slide
Not separated — 1 slide
Not separated — 1 slide

Strophostyles helvula Not separated — 1 slide
Helianthus maximiliani Seeds only — 1 slide
Iva annua Seeds only — 1 slide

Nicotiana rustica
Polygonum erectum
Chenopodium berlandieri

Not separated — 1 slide
Not separated — 1 slide
Not separated — 1 slide

Seeds separated from inflorescence and stem — 2 slides

Chapter 8 Cultigens of the Americans Northeast: A Phytolith Study
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Figure 8-5. Phytoliths from a leaf of Phalaris caroliniana.

Figure 8-6. Phytoliths from an inflorescence of Elymus virginicus.

crop processing practices in future research (Figure 8-7).

In addition, it appears that the leaf and stem of Zizania
palustris exhibited bilobate short cells in articulated epi-
dermal segments and not in the inflorescence samples
(Figure 8-8). Leaf epidermal tissue is easily identified
when silicified stomata are present. Moreover, this pat-
terning was not observed for Z. aquatica.

The remaining plants, apart from the Poaceae family,
exhibited varying degrees of potential for future phytolith
research (Table 8-3). All slides possessed silica bodies, or
phytoliths, either fragmented or whole. Some contained
redundant examples of new phytolith types and others
contained undistinguishable irregular phytoliths.
Asymmetrical irregular phytolith types can not be
applied to a phytolith assemblage in order to identify
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Figure 8-7. Elymus glabr/florus (Vasey ex L. H. Dewey) Scribn. & C. R.
Ball Section of inflorescence. Photo (from herbarium specimen): Anna
Gardner, lowa State University.

specific plant taxa (Figure 8-9). Samples mainly contain-
ing these irregular types as well as a few disarticulated
long cell types are considered to have low potential for
phytolith research. Other samples possessed redundant
new phytolith types described using the ICPN Glossary
and may have potential for future phytolith research. In
addition to the new phytolith types, irregular phytoliths
were present as well, which may or may not affect their
research potential.

Finally, two families exhibited many of the disarticulat-
ed phytolith types shown on Figure 8-1 and have been the
subject of previous phytolith research (Bozarth 1986).
These families are the gourd and bean, which comprise
two-thirds of the maize-bean-squash agricultural triad of
North America. Their research potential is obviously

Katy Serpa



Figure 8-8. Phytoliths from a leaf of Zizania palustris.

Figure 8-9. Irregular phytolith example from Amaranthus graecizans
(not part of this study).

high. Phaseolus spp., bean, exhibited acicular hairs, which
Bozarth (1986:58) noted as “distinctive hook-shaped sili-
cified hairs” diagnostic to Phaseolus spp. (Figure 8-8).
Interestingly however, the scalloped phytoliths Bozarth
(1986, 1987) observed in the rind of Cucurbita pepo were
not observed in the leaf or flower of C. foetidissima and
Lagenaria siceraria. Regrettably, due to a processing error,
the distinctive scalloped phytoliths were not observed in
C. pepo as well. Recent phytolith research by Hart et al.
(2007) evidenced the human exploitation of squash in
New York as early as 2905435 B.P. (cal. 20 1256998 B.C.)

Research potential is implied by the level of phytolith
production within a plant. The degree of phytolith devel-
opment in a plant relates to a number of factors, includ-
ing the climatic environment of growth, the nature of the
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Figure 8-10. Phytoliths from a pod of Phaseolus polystachios.

soil, the amount of water in the soil, the age of the plant,
and, most important, the taxonomic affinity of the plant
itself (Piperno 2006:5). It is clear that a great many
angiosperms, gymnosperms, and spore-bearing plants, not
just the Poaceae and few other monocotyledonous fami-
lies, persistently silicify their vegetative and reproductive
organs, leading to the production of high amounts of phy-
toliths with manifold shapes and surface decorations. A
significant number of important crop plants make high
amounts of phytoliths diagnostic at the genus or species
level (Piperno 2006:17-18). It was a primary objective of
this study to preliminarily identify which plants, docu-
mented as utilized in New York prehistory, are high phy-
tolith producers. Each plant sample’s potential for future
phytolith research is summarized in Table 8-4. Certain taxa
are known to be high producers. As Piperno (2006:17-18)
succinctly stated in her seminal work:

Solid deposits of silica can be found in measur-
able amounts in plants. However, the term
“measurable” often includes nondescript
fragments that have no value in plant identifi-
cation. The term phytolith refers only to micro-
scopically recognizable shapes, not amorphous
pieces or traces of silica detectable only by
microchemical methods that would not be
recognized as discrete types . . . Hence, the
plants can be characterized as silica-accumu-
lating taxa, and they should be well represent-
ed in ancient phytolith assemblages, assuming
they are stable in the depositional environment
over time. Not every family that accumulates
heavy amounts of phytoliths contributes a
plethora of taxonomically significant forms,
but many do so.
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Table 8-4. Potential for future phytolith research of species
examined in this study.

Species Research Potential
Zea mays High
Elymus virginicus High
Elymus canadensis High
Phalaris caroliniana High
Hordeum pusillum High
Zizania aquatica High
Zizania palustris High
Elymus caninum High
Lepidium densiflorum Moderate
Lepidium virginicum Low
Cucurbita pepo High
Cucurbita foetidissima High
Lagenaria siceraria High
Phaseolus vulgaris High
Phaseolus polystachios High
Strophostyles helvula High
Helianthus maximiliani Moderate
Iva annua Moderate
Nicotiana rustica Low
Polygonum erectum Moderate
Chenopodium berlandieri Low

Given the previous phytolith research on some of the
plants selected for this study, it is known, for example,
that Zea mays ssp. mays would be a high phytolith pro-
ducer and therefore have significant research potential for
New York prehistory, and, in contrast, that Chenopodium
berlandieri would be a low producer and prove not to be
visible in the phytolith record. However, some of the
plants selected for this study have not yet been evaluated
and published academically. Most notably, Elymus spp.,
although as members of the grass family are expected to
produce an abundance of discrete and identifiable phy-
toliths, have proven to be very significant and will require
future attention.

DISCUSSION

The phytolith comparative collection for cultigens found
in New York prehistory has demonstrated that there is a
great potential for phytolith research on plants indige-
nous to the American northeast. Morphologically distinct
phytoliths were observed in all of the Poaceae samples,
indicating the possibility of taxa identification through
phytolith assemblage research. Moreover, silica skeletons
were present in many of the Poaceae specimens, allowing
a biological approach to infer taxonomy. In addition,
Cucurbita (Figure 8-11) and Phaseolus resurfaced as genera
with high phytolith potentials (Bozarth 1986; Piperno et
al. 2000; Piperno et al. 2002) the current study documents
possible new phytolith types within Cucurbita and the
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likelihood of a phytolith assemblage for Phaseolus. The
research potential of the nine plants remaining in this
study range from moderate to low (Table 8-4); new phy-
tolith types observed in these samples need to be con-
firmed before further research is conducted.

The original aim of this research was to establish a rudi-
mentary phytolith comparative collection for future pale-
oethnobotanical studies at archaeological sites in the
Northeast. The results show at least four areas where
additional phytolith research can be focused: the enlarge-
ment of the existing comparative collection; the identifi-
cation of phytolith assemblages present for each plant
taxa; the identification of plants to a species level; and the
identification of specific plant parts.

Additional plants need to be added to the reference col-
lection to benefit Northeast paleoethnobotanical studies,
as prehistoric plant-human relationships are complex.
More specifically, additional plants from Cucurbitaceae,
Fabaceae, Asteraceae, and Poaceae families ought to be
sampled and examined due to their economic and his-
toric importance. The Cucurbitaceae, Fabaceae, and
Asteraceae families are significantly underrepresented in
the phytolith record and the need for further paleoeth-
nobotanical research is great. Plants from the Poaceae
family have exhibited great potential for broadening phy-
tolith systematics and must be further explored.
Furthermore, grass plants have a tendency to produce
distinct phytolith assemblages.

As stated earlier, phytolith assemblages are compiled
using a morphological approach to infer plant taxa. The
need for phytolith assemblages to be recorded and inter-
preted for plants in this study cannot be overstated.
General characteristics, for the cultigens examined, can be
inferred from the analysis of various diagnostic phytolith
types. The occurrence of phytoliths within plant anatomy

Figure 8-11. Phytoliths from a leaf of Cucurbita foetidissima
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is both multiple and redundant. Classification systems of
phytoliths are based on statistical averages and assuming
normal distributions. A good example of this archaeolog-
ical method is documented in Hart et al. (2003, 2007) and
Thompson et al. (2004). The authors concluded that
assemblages of rondel phytoliths from archaeological
contexts can be identified to grass species through statis-
tical comparison with assemblages from modern plants.
This work was also conducted in New York. Due to bio-
logical variability within the cell, the average population
is presented. Unique typologies, though, often do not
exist for closely related taxa, which led Ball and associates
(1996:619, 2001:289) to approach phytolith classification
using discriminant functions. He developed a classifica-
tion key based on mean morphometric differences of phy-
toliths occurring in the inflorescences of wheat and barley.
Upon doing so he came to the conclusion that the meas-
urements of the phytoliths produced by different taxa
often have differing morphometric ranges. Arlene Miller-
Rosen applied a similar method of classification (Rosen
1992). She examined the epidermal tissue from the culm
and inflorescence bracts of wheat and barley to ascertain
the differences in taxonomic identification. Variations in
the shapes and types of phytoliths produced in different
parts of a single plant species and between species were
observed allowing inferences about crop processing,
activity areas, and room functions to be made.

These systematic methods can be directly applied to
four plant species in the current study, i.e., Elymus virgini-
cus, E. canadensis, and E. caninum. The inflorescence bracts
of these plants appear to produce unique dendriform
cells, which could make identifying the cereal flower pos-
sible. The methodological approach of uniformitarianism
is applied based upon wheat and barley research by Ball
et al. (2001:390) and Rosen (1992:129). Interestingly, how-
ever, Hordeum pusillium (little barley) examined in this
study did not produce similar silica skeletons to Hordeum
vulgare (common barley). In addition, the phytoliths pro-
duced in the leaves, culm, glume, lemma, and palea are
discernable in wheat and barley, and may be for addi-
tional plants. For instance, the value of analyzing the
waves of dendriform phytoliths and the papillae phy-
toliths in wheat and barley have been successful in sup-
plying valuable and discriminating information for the
systematics of phytolith analysis (Rosen 1992) and may be
applied to similar plant taxa, such as Elymus spp.
Information gleaned from the phytoliths occurring in dif-
ferent parts of the plant can be used to make inferences
about how the plant was used, activity space and crop
processing of past societies. It is useful, and greatly need-
ed, to develop a functional taxonomy for identifying phy-
toliths of major domesticated cultigens for the benefit of
future archaeological research.
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CHAPTER 9

STARCH GRAIN ANALYSIS:
METHODOLOGY AND APPLICATIONS IN THE NORTHEAST

by Timothy C. Messner, Ruth Dickau, and Jeff Harbison

Plants played an essential role in the lives of Native
Americans. Analyses that provide data on what species
were being exploited during specific time periods allow
researchers to answer broader questions regarding Native
American resource selection, ecological interaction and
manipulation, inter-regional group relationships via trade
and exchange, and change over time in subsistence strate-
gies. Advances in archaeobotanical inquiry thus offer the
opportunity to improve our understanding of many
aspects of prehistoric human life (e.g., Asch Sidell 2002;
Hart 1999a, 1999b, 2001; Hart et al. 2002; Hart and Asch
Sidell 1997; Schulenberg 2002; Thompson et al. 2004).
Starch grain analysis is a methodology that uses ancient
microfossil residues isolated from plant processing tools,
ceramics, and sediments, to identify economic taxa, deter-
mine artifact function and culinary practices, and aid in
paleoenvironmental reconstructions. A significant num-
ber of economic seeds, subterranean storage organs, and
fruits contain carbohydrates in the form of starch. For this
reason, these plant organs were the focus of many Native
American subsistence practices. Processing of these
tissues often left starch grains embedded within the sur-
faces of tools or in residues on ceramic pots. In these
archaeological contexts, starch grains have the potential
to preserve for extended periods of time in environmen-
tal conditions otherwise poorly suited for organic preser-
vation (Loy et al. 1992). Starch grain analysis offers
archaeologists the ability to augment the list of economic
species used at an archaeological site by providing
evidence of plant species that seldom become carbonized,
lack identifiable characteristics, or do not produce
diagnostic phytoliths or abundant pollen. It provides a
powerful new technique in archaeobotanical inquiry, par-
ticularly when combined with other types of analyses.
The rapid development of starch grain analysis with-
in archaeology over the past decade has resulted in a sig-
nificant amount of literature on general aspects of this

methodology. Rather than simply review the details of
this literature in this chapter, we will explore the concep-
tual and methodological framework specific to starch
grain analysis as it applies to northeastern archaeology.
Several case studies conducted in the Upper Delaware
Valley of Pennsylvania and New Jersey are used to high-
light aspects of starch research in the Northeast. Each
example illustrates the potential contexts from which
starch can be isolated, the taxa this sort of analysis is like-
ly to recover, and the interpretations made possible by the
application of this kind of analysis.

STARCH GRAIN BIOLOGY

The following is a brief overview of starch grain biology as
it generally applies to archaeological starch research. For
more in depth detail on starch grain chemistry and physi-
ology readers are directed toward Badenhuizen (1965;
1969), Franco et al.(1992), Galliard (1987), Gott et al.(2006),
Sterling (1968), Torrence (2006), and Wang et al. (1998).
Many vascular plants produce and use starch as a
means of preserving energy. Starch can generally be cate-
gorized into two different types (Haslam 2004; Loy 1994).
The first, transitory starch, is produced from glucose in
the chloroplasts during photosynthesis and is converted
back into sugars at night and distributed throughout the
non-photosynthetic portions the plant (Cronquist 1982;
Gott et al. 2006). Starch of this type is generally small and
featureless and therefore of limited use in starch grain
analysis studies (Loy 1994, Perry 2001; but see Gott et al.
2006 and Haslam 2004 for perspectives on its utility).
The second type, storage or reserve starch, is produced
in amyloplasts and stored within seeds, roots, rhizomes,
tubers, corms, and bulbs. It provides a source of energy
during seasonal periods of poor growing conditions or
for processes with high energy requirements such as
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Figure 9-1. Calcium oxalate crystals (A) and starch grains (B) from an Arisaema triphyllum (Jack-in-the-pulpit) corm, viewed with cross-polarized light.

germination, tissue repair, or rapid growth (Haslam
2004). Botanists have recognized for some time that starch
grain morphology is often distinctive for different plant
taxa (McNair 1930; Reichert 1913). Only recently have
archaeobotanists begun to capitalize on this aspect of
reserve starch, with the discovery that starch grains can
preserve in archaeological contexts.

Starch is a polysaccharide composed of two molecules
known as amylose and amylopectin. The latter composes
the largest percentage (75-85%) of most starches and has
a branch like appearance (Manners 1968). In contrast,
amylose, the minor component, is essentially a linear
arrangement of glucose molecules (Manners 1968:67).
Branches of the semi-crystalline, “bush-like” amylopectin
form in alternating layers with the amorphous amylose
(Gott et al. 2006). It is thought that this semi-crystalline
structure is responsible for causing bifringence, or the for-
mation of an interference cross, when viewed under a
microscope using cross polarized light (Blanshard 1987;
French 1984). This highly ordered quasi-crystalline
molecular framework tends to: (1) preserve for extend
periods of time due to its insolubility in cold water, and
(2) resist enzymic degradation (Colonna et al. 1987;
Haslam 2004). The resilient structure of starch, coupled
with the ability of researchers to identify family, genus,
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and often species-specific forms, makes starch grain
research a powerful tool in archaeobotanical analysis.

RESEARCH POTENTIAL
OF STARCH GRAIN ANALYSIS

Many processing activities associated with the prepara-
tion of plants for consumption tend to break down tissues
into forms that are rarely preserved or are unrecognizable
as macrobotanical remains. However, some of these activ-
ities tend to promote starch grain deposition and preser-
vation on artifacts. Processing may take place to render
certain plants edible (such as removing toxins or acridic
protease attached to oxalate crystals), as a means of
increasing palatability (removing tannins); or often it may
simply have been part of cuisine preparation and cultur-
al taste for certain products (such as producing refined,
storable, flour) (Berzok 2005; Johns 1990; Stahl 1989).
Many plants used as food come from families that pro-
duce toxic or unpalatable substances (Moerman 1994).
For instance in the Northeast the subterranean storage
organs of Orontium aquaticum (golden club), Arisaema tri-
phyllum (Jack-in-the-pulpit), and Peltandra virginica (tuck-
ahoe) all represent viable food sources. However, they
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Figure 9-2. Experimental tools used to process plant material and residue embedded in stone mortar (or nutting stone) as the result of Quercus
(acorn) cracking.

must first be dried and finely ground to remove the acrid
factor attached to calcium oxalate crystals (Figure 9-1A)
before being consumed (Paull et al. 1999; Peterson 1977).
Additionally, the Quercus subgenus Erythrobalanus (red
oaks) contains significant quantities of tannin that must
first be removed before the starch rich meat is deemed
edible. Native groups are described as using several
methods for removing tannins (see Mason 1992; Petruso
and Wickens 1984). For instance, Scarry (2003:66)
describes the Iroquoian method of boiling nut meats in
conjunction with ashes. Once the tannins are removed the
meat could then be finely ground and used as flour for
bread or to thicken gruel (Swanton 1969).

Processing also took place to satisfy cultural taste.
Waugh (1916:80) describes the Iroquoian process of mak-
ing corn cakes. Maize kernels were first ground and win-
nowed into a fine flour. A thick paste, resulting from the
addition of water, was then kneaded with the hands and
dried huckleberries, blackberries, elderberries, strawber-
ries or beans were added to the mixture. These cakes were
then boiled in pots for approximately one hour before
consuming. Whether plants were processed out of neces-
sity or desire, these activites produce potential residues
on the surfaces of the tools used to carry them out.

Stone tools compose the bulk of the archaeological
record in eastern North America, and their role in plant
processing is most readily accessible. Activities such as
grinding, milling, pealing, and slicing, sever or rupture
cellular matter and deposit residue upon the surface of
the tool (Figure 9-2). Ground stone, modified and unmod-
ified cobbles, formal and informal chipped stone, and

expedient flake tools could all potentially be used to
process plant matter and therefore represent prime loca-
tions to recover starch residues. Analyses of these tools
can either (1) focus on individual working surfaces to iso-
late microfossil residues associated with specific tasks, or
(2) sample the entire artifact when research questions
focus on determining the full range of species processed
by the tool.

Pots used in the thermal alteration of plant matter (e.g.,
boiling, roasting, and poaching), provide additional con-
texts from which starch residues potentially can be recov-
ered. Recent research in the Northeast has focused on car-
bonized cooking residues adhering to ceramic pots as
contexts from which microfossil residues such as phy-
toliths can be extracted, identified, and dated (Hart et al.
2003, 2007; Thompson et al. 2004). Starch grains also have
been shown to preserve in recognizable forms within car-
bonized residues. Starch commonly gelatinizes (looses
structural integrity, produces exudates) when exposed to
heat; however, this is variable depending on species and
heating conditions. Colonna et al. (1987) demonstrate that
starch can preserve in varying temperature ranges
depending on moisture content and botanical origin. In
their experiments, starch with low moisture content
(1-3%) experienced only minor decomposition in temper-
atures reaching up to 180°C. But grains with high mois-
ture content (60%) were completely gelantinized at tem-
peratures as low as 70°C (Sair 1967). Gelatinization tem-
peratures vary between species (Chandler-Ezell et al.
2006; Colonna et al. 1987; Gott et al. 2006; Reichert 1913).
The preservation of starch within carbonized cooking
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residues is therefore possible on archaeological pots,
depending on moisture content and temperature ranges
during the process of cooking. Starch preserved within
this residue not only provides insight into the Native
American dietary composition, but culinary practices as
well. Moreover, carbonized residues can be directly dated
using the AMS method.

Ceramic sherds lacking visible evidence of cooking
residues may also yield identifiable starch grains.
Ground, carbohydrate-rich plant matter stored in a pot-
tery vessel may result in starch residue being embedded
within the micro-topography of the vessel’s interior.
Preserved starch can also be recovered from archaeologi-
cal sediments (Atchison and Fullager 1998; Lentfer et al.
2002; Therin et al. 1999), human dental calculus
(Cummings and Magennis 1997; Juan-Tresserras 1998),
coprolites (Horrocks 2004), and macrobotanical remains
(Ugent et al. 1981, 1982), although no studies in eastern
North America have yet included these sources.

STARCH GRAIN ANALYSIS:
USES, EXTRACTION METHODOLOGY,
AND CONCERNS

Cortella and Pochettino (1994) and Loy (1994) were
among the first to discuss in detail the methods and con-
cerns of starch grain analysis in archaeology (see also
Ugent et al. 1984). Recent advances have since greatly
expanded the methodology and applications (Perry 2001;
Piperno and Holst 1998; Torrence and Barton 2006).
Starch grain analysis has been used extensively in equa-
torial regions as a means of studying people and plant
interactions. Throughout the South Pacific and in Central
and South America researchers have used starch to look
at such things as: spatial distributions of activity areas
(Blame and Beck 2002), stone tool function and plant pro-
cessing (Atchison and Fullager 1998; Babot 2001; Barton
et al. 1998; Fullager et al. 1998; Fullager et al. 1999; Perry
2002a, 2004; Piperno et al. 2004), paleoenvironmental
reconstruction (Horrocks and Lawlor 2006; Lentfer et al.
2002), and domestication, agriculture, and the dispersal of
crops (Chandler-Ezell et al. 2006; Dickau 2007; Fullager et
al. 2006; Pearsall et al. 2004; Perry 2002b; Perry et al. 2007;
Piperno 2006; Piperno et al. 2000). As the number of cita-
tions above suggests, starch can be used to investigate a
wide range of archaeological questions, and the ability to
recover starch from different contexts further contributes
to the potential of this research methodology. In North
America, starch grain analysis has recently provided
insight into prehistoric subsistence strategies in the tem-
perate regions of the Eastern Woodlands (Messner and
Dickau 2005) and the Canadian Great Plains (Zarrillo and
Kooyman 2006). This research highlights the potential of
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this methodology for detecting evidence of plant process-
ing activities and increasing the number of archaeologi-
cally visible plant species.

Modern Reference Collection

Modern reference collections are a critical aspect to all
types of archaeobotanical analyses. Accurate identifica-
tions cannot be made unless a reference collection, specif-
ic to the geographic area in question, has been estab-
lished. This holds true for starch grain analysis as well.
Researchers need to be familiar with the range of varia-
tion present within starch grain forms specific to the flo-
ral composition of each region. Furthermore, taxa from
different climatic regimes should also be studied to
account for vegetation changes through time.

A starch grain reference collection composed of plant
species indigenous to both the Middle Atlantic and
Northeast regions and known domesticates was begun in
2004 by Messner and is currently housed at Temple
University, Philadelphia. Samples for this comparative
collection were obtained from the field, from the
Academy of Natural Sciences herbarium (ANS) and from
the USDA Agricultural Research Service. Field samples
were gathered from throughout both regions following
guidelines established by Pearsall (2000). Detailed notes
were taken on all specimens including the local environ-
ment from which samples were collected, date, soil type,
geomorphic landscape and associated vegetation.
Identifications were made using taxonomic manuals such
as Rhoads and Block (2000). Botanists at ANS were con-
sulted in instances of uncertainty and voucher specimens
are housed at Temple University’s anthropology labora-
tory and the ANS herbarium. Secure identifications were
also established from all material sampled at the ANS
herbarium. Plant species were selected based on their
inclusion as economic taxa within ethnographic, ethno-
historic, and secondary sources (such as Crawford and
Smith 2003; Densmore 1974; Gilmore 1977; Roundtree
1997; Scarry 2003; Tantaquidgeon 1971; Yarnell 1964).
Multiple specimens, when available, were gathered for
each species as well as congeneric species. Starch grains
assembled for this collection can be referenced either in
digital image format or through slide preparations and
examination.

Extraction of Archaeological Starches

Researchers have used several procedures to extract
starch from archaeological contexts. Selection of the
appropriate procedure depends on research goals and
artifact type. Detailed information regarding extraction
methods is available from numerous sources, including
Loy (1994), Piperno and Holst (1998), and Torrence and
Barton (2006). We briefly describe the procedures we have
used in the analysis of archaeological material from sites
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in the Upper Delaware Valley of the Northeastern region.

Starch was extracted from stone tools using sonication.
This method involves sampling the entire artifact for the
presence of starch residues. Stone tools are placed in a
sterile beaker and covered in distilled water. Beakers are
then placed in an ultrasonic bath and sonicated for five
minutes. After removing artifacts, beakers are covered
and left to allow gravity settling of residues and sediment
for 24 hours. The majority of water is decanted. Sediment
is concentrated using centrifugation (cycles of 2500 rpm
for 15 minutes) and the remaining water removed. A
heavy liquid solution of cesium chloride (CsCl) prepared
to 1.8 specific gravity is added to each tube. The sample is
agitated to mix the CsCl and sediment, and then cen-
trifuged at 2500 rpm for 5 minutes. This allows for the
flotation of potential starch grains from the heavier sedi-
ment. Two ml of solution is aspirated from the top of the
CsCl and placed into a sterile tube. Once separated, the
extracted material undergoes a series of rinse cycles to
dilute the CsCl, and permit starch residues to fall from
suspension and accumulate at the bottom of the tube.
Samples are mounted on microscope slides for scanning.

Starch residues may be visible, either macro- or micro-
scopically, in the cracks and crevasses of plant processing
artifacts. In instances such as this, starch grain analysis
focused specifically on the working surfaces of a stone
tool or artifact can provide evidence of plant use without
cleaning the entire tool in an ultrasonic bath. Spot sam-
pling is useful for identifying working surfaces on arti-
facts, and testing interpretations made based on use-wear
analyses (e.g., Barton et al. 1998; Perry 2001, 2002a;
Fullagar 1993). To carry out this procedure, a drop of dis-
tilled water is placed on the working surface and allowed
to saturate the area thoroughly. A pipette is then used to
agitate the working surface by repeatedly forcing water
into the micro-topography of the artifact. The solution is
then pipetted into a sterile test tube and the flotation and
rinsing protocol described above is carried out. Blind spot
sampling, meaning there are no visible residues on the
working surfaces of tools, has also been shown to be suc-
cessful for spot sampling studies (Perry 2002a).

Ceramic sherds with visibly encrusted food residue can
also be spot sampled (Harbison and Dickau 2006). During
investigations carried out at Shoemaker’s Ferry, residue
was scraped into a small beaker, and distilled water was
added. The residue was then sonicated to break up the
residue and free any trapped starch grains. Starch was
separated using heavy liquid flotation as described
above. Sonication of sherds may also be a possible extrac-
tion method, particularly for ceramic sherds that do not
exhibit visible residue. Initial trials by Messner and
Harbison on the effects of sonication on ceramic material
indicate that short periods (<10 minutes) of exposure to
ultrasonic waves do not adversely affect the sherds. These

tests were conducted on ceramics composed of a hard
paste with temper ranging from grit to crushed quartz.
Further experimentation is advised before sonicating
ceramics tempered with shell or composed of a soft or
seemingly friable fabric.

Sediments can also be examined for the presence of
starch grains. After trowelling a fresh surface, a sterile
container can be pressed into the soil. Excavation can then
resume around the cup until it has remained pedestaled.
The cup can then be flipped over and sealed until analy-
sis. In addition, standard sediment column samples can
be subdivided for pollen, phytolith, and starch analysis.
Sampling methodologies for microfossils in sediment are
more fully described in Pearsall (2000). Protocols
described above for flotation and rinsing are used for iso-
lating starch grains from sediments. Depending on the
nature of sampled sediments, pretreatment with a defloc-
culant may be required to disperse clays. Sonication of the
sediment mixed with de-ionized water is also recom-
mended to fully break apart peds and free any starch
grains. Because of the potentially destructive nature of
heat or certain strong chemicals on starch grains, starch
extraction should be done separately from other microb-
otanical extractions, or in a carefully considered method-
ology for combining extraction techniques (Chandler-
Ezell and Pearsall 2003; Coil et al. 2003; Horrocks 2005).

The use of starch for industrial purposes can potential-
ly lead to contamination of archaeological samples. For
this reason the extraction and analysis of archaeological
starch grains must be conducted within a controlled envi-
ronment and the post-excavation history of the artifact in
question must be known. Potential sources of contamina-
tion include (1) equipment and materials coming into
contact with samples (including water), (2) reference col-
lection, (3) air conditioning, and (4) food. To avoid these
potential hazards the laboratory in which starch grain
analysis is conducted must be constantly monitored and
completely isolated from where the reference collection is
stored. Sterile slides should be strategically positioned
throughout the lab and regularly scanned to control for
possible airborne contaminants (Loy and Barton
2006:165). All equipment (glass ware, aluminum foil,
racks, bottles, etc.) used during processing should first be
tested for the presence of starch and subsequently steril-
ized. Latex gloves of all types are not recommended for
use during analysis; modern starch may be present on
these from manufacturing processes, in spite of “powder
free” labels, a concern also put forth by Loy and Barton
(2006:165-166).

Taxonomic Identification

Messner has examined starch grain assemblages from 34
different families representing 62 genera and 120 species
of economic plants from the Northeast thus far, including
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Figure 9-3. Examples of modern starch from reference specimens. (A) Peltandra virginica (tuckahoe, arrow arum) root starch, (B) Zea mays var.
Parker’s Flint (maize) starch, (C) Phaseolus vulgaris (bean) starch, (D) Nelumbo lutea (American lotus) root starch, (E) Nelumbo lutea (American

lotus) seed starch, (F) Lilium superbum (Turk’s cap lilly) root starch.

tissue from subterranean storage organs, fruits, and
seeds. Numerous taxa from within the comparative col-
lection can be recognized on a genus, and often species
level of identification (Figure 9-3). Domesticated maize
(Zea mays ssp. mays) and bean (Phaseolus vulgaris) each can
be readily distinguished from other taxa within their
respective families. In addition, the most widely cited
“root” resources of the Eastern Woodlands (e.g., Sagittaria
sp., Peltandra virginica, Apios americana, Nuphar advena,
Nelumbo lutea, Lilium sp., and Erthyonium sp.) all produce
morphologically distinguishable forms. In addition to
this comparative work, Zarrillo and Kooyman (2006)
describe the diagnostic characteristics of starches from a
suite of fruits used by Native groups on the Canadian
Plains, several species of which have distributions that
cover portions of the Northeast, such as Prunus virgniana
(chokecherry), Prunus pensylvanica (pin cherry), Rubus
idaeus (American red raspberry), and Rosa acicularis
(prickly rose). In addition, several taxa of mast produce
readily identifiable starch grains. Scarry (2003) provides
dietary values for each of the mast species of the
Northeast. Those species with high fat and protein values
also tend to have very little visible starch, i.e., walnuts
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(Juglans sp.) and hickory (Carya sp.). In contrast, carbohy-
drate rich taxa such as oak (Quercus sp.), American chest-
nut (Castanea dentata), and chinquapin (Castanea pumila)
tend to have abundant starch.

Archaeobotanical Collaboration

Multiple lines of archaeobotanical inquiry provide the
most accurate interpretation of plant use. Microfossil
datasets used in conjunction with one another offer the
potential to (1) reinforce findings by providing several
lines of evidence; (2) overcome weaknesses inherent with-
in certain types of analyses by drawing on the strength of
others (Reber 2006); and (3) provide a more complete list
of the taxa used in the past (Pearsall 2000; Piperno 1995,
1998). For instance, it has been demonstrated that encrust-
ed food residues adhering to ceramic pots allows for the
recovery of an array of microfossils or chemical signa-
tures signaling plant processing (Harbison and Dickau
2006; Hart et al. 2003, 2007; Reber 2006; Schulenberg 2002;
Thompson et al. 2004). Testing for the presence of multi-
ple residue types can therefore corroborate identifications
of these plant species. Moreover, certain plant species
may produce more readily identifiable microfossils than
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others. For instance, phytoliths may be better suited to
document genera such as wild rice (Zizania), which has
tiny (2-7um), nondescript starch grains (Lorenz 1981;
Wang, et al. 2002). Alternatively, species such as American
lotus (Nelumbo lutea) or genera such as oaks (Quercus)
each produce large amounts of starch in their edible parts
with distinctive forms that are easily recognized using
starch grain analysis.

Sampling for macrobotanical remains has become an
almost universal procedure in archaeological investiga-
tions throughout the Eastern Woodlands. Since the “flota-
tion revolution” several decades ago (Struever 1968), our
understanding of people and plant interactions has
increased substantially (Asch and Asch 1985; Fritz 1997;
Hart et al. 2002; Smith 1992; Smith and Cowan 1987;
Yarnell 1972, 1993, 1994). In spite of these vast improve-
ments, preservation biases exist which hinder our ability
to fully understand the range of economic taxa exploited
prehistorically. Organic preservation in open-air archaeo-
logical sites of the Northeast is often poor. Evidence of
macrobotanical remains is therefore contingent upon car-
bonization. Wright (2003) describes three variables
responsible for influencing whether or not, and in what
condition, macrobotanical remains will become car-
bonized: (1) the species and organs in question, (2) mois-
ture and or chemical content at time of transformation,
and (3) the characteristics of the exposure itself (tempera-
ture, duration, oxidation versus reduction). Furthermore,
Wright (2003:581) states: “the assumption that the more a
particular plant part is used, the higher the likelihood of
it becoming a carbonized plant remain oversimplifies the
process.” Caution must therefore be taken when formu-
lating dietary reconstruction based solely on macrobotan-
ical findings.

As mentioned, these obstacles can be partially over-
come through the use of multiple lines of archaeobotani-
cal inquiry. Starch grain analysis used in conjunction with
other archaeobotanical datasets can significantly increase
the visibility of those carbohydrate rich economic species
that were commonly processed. Not only does it often
help corroborate evidence of various species visible in
other records, but more significantly, it allows us to inves-
tigate many economic species seldom represented in the
archaeobotanical record, especially roots, tubers, subter-
ranean stems, and soft fruits.

“Root” resources help illustrate this point. Early ethno-
historic accounts, such as those written by Waugh (1916),
Zeisberger (1910) and Newcomb (1956), record numerous
plants that Native peoples were observed consuming, but
which are rarely identified in the archaeobotanical record.
Ethnographic and secondary sources (such as Crawford
and Smith 2003; Densmore 1974; Gilmore 1977;
Roundtree 1997; Scarry 2003; Tantaquidgeon 1971; Yarnell

1964) further demonstrate this discrepancy: each of their
lists of known economic taxa far outnumbers those
species commonly encountered in the macrobotanical
record. These differences are especially apparent for those
taxa exploited for their roots, tubers, rhizomes, corms,
and bulbs. Table 9-1 is a compilation of economic (both
dietary and medicinal) “root resources” derived from the
aforementioned sources for which there is sparse, if any,
archaeological evidence of exploitation (see Leonard 1996
for exception). A large percentage of these taxa produce
starch as their primary reserve carbohydrate and there-
fore may be archaeologically visible using starch grain
analysis.

LATE WOODLAND PLANT USE IN THE
UPPER DELAWARE VALLEY

The Delaware River drains portions of southeastern New
York, northeastern Pennsylvania, New Jersey, and north-
ern Delaware. The archaeology of this watershed has
been the focus of professional archaeologists for decades
with seminal works by Custer (1996), Kinsey (1972), Kraft
(2001), Moeller (1992), Stewart (1990, 1993), and Stewart et
al. (1986). This watershed is geographically important as
it represents a major waterway separating the Atlantic
coast from the upland environments to the west and
north. The Late Woodland period (ca. A.D. 1000-1600) of
the Upper Delaware Valley (UDV) is marked by material
representations of interaction with neighboring areas.
Throughout this portion of the watershed, stylistic simi-
larities can be seen extending further north into New
York, west into the Susquehanna drainage, east toward
the Atlantic coast, and south into the Middle and Lower
Delaware Valley (Kinsey 1972; Stewart 1989). Subsistence
economies in this region are described as depending
heavily upon fish, game, and “wild” plants until the Late
Woodland period when maize-centered farming became
a part of this economic repertoire (Kraft 2001; Williams et
al. 1982).

The earliest macrobotanical evidence of farming in the
UDV was recovered from the Smithfield Beach site where
carbonized remains of Cucurbita sp. (Fischler and French
1991) and Zea mays (maize) were found in association
with charcoal dating to 1020+80 B.P. (cal 20 A.D. 724-1212)
and 1060460 B.P. (cal. 20 A.D. 782-1152). These findings
agree with other dated contexts throughout the Delaware
Valley where maize has been recovered (Stewart et al.
1986; Williams et al. 1982). Recent starch grain analysis on
ceramics in this watershed has provided the first directly
dated maize residues from the early Late Woodland peri-
od (ca. A.D. 1000) and has increased its visibility in the
UDV archaeological record during the Late Woodland.
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Table 9-1: Subterranean storage organs, ethnographically and ethnohistorically documented as utilized by Native groups of the
Eastern Woodlands. Note: Taxa complied from Densmore (1974), Gilmore (1977), Roundtree (1997), Scarry (2003) and Yarnell (1964)

Dietary- Scientific Name Common name Family Medicinal-Scientific Name Common name Family

Acorus americanus sweetflag Acoraceae Acorus americanus sweetflag Acoraceae

Allium canadense meadow garlic Liliaceae Actaea rubra red baneberry, snakeberry Ranunculaceae

Apios americana groundnut Fabaceae Adiantum pedatum maidenhair fern Pteridaceae

Amphicarpaea bracteata hog-peanut Fabaceae Agastache foeniculum giant hyssop Lamiceae

Arisaema triphyllum Jack-in-the-pulpit Araceae Allium stellatum wild onion Liliaceae

Cyperus esculentus chufa Cyperaceae Amelanchier canadensis canadian serviceberry Rosaceae

Dioscorea villosa wild potato Dioscoreaceae Anemone cylinarica thimbleweed Ranunculaceae

Erythronium sp. lillies Liliaceae Apocynum androsaemifolium ~ dogbane Apocynaceae

Helianthus tuberosus Jeruselum artichoke Asteraceae Aralia racemosa spikenard Araliaceae

|pomoea pandurata man of the earth Convolvulaceae Asarum canadense wild ginger Aristolochiaceae

Iris versicolor harlequin blueflag Iridaceae Athyrium filix-femina lady fern Dryopteridaceae

Nelumbo lutea American lotus Nelumbonaceae Caltha palustris cowslip Ranunculaceae

Orontium aquaticum golden club Araceae Caulophyllum thalictroides blue cohosh Berberidaceae

Peltandra virginica arrow arum - tuckahoe Araceae Nymphaea odorata white water lilly Nymphaeaceae

Polygonum erectum knotweed Polygonaceae Ceanothus herbaceus New Jersey tea Rhamnaceae

P. hydropiperoides knotweed Polygonaceae Celastrus scandens bittersweet Celastraceae

P. pennsylvanicum knotweed Polygonaceae Cypripedium sp. ladyslipper Orchidaceae

P. ramosissimum proliferous knotweed Polygonaceae Potentilla arguta five-finger / tall cinquefoil Rosaceae

Phragmites australis reed Poaceae Dryopteris cristata shield fern/ crested wood fern Dryopteridaceae

Psoralea esculenta large indian bread root Fabaceae Equisetum sp horsetail Equisetaceae

Rhexia mariana meadow beauties Melastomataceae Euthamia graminifolia flat-top goldentop Asteraceae

R. virginica meadow beauties Melastomataceae Gentiana alba yellowish gentian / plain gentian Gentianaceae

Sagittaria lancifolia duck-potato Alismataceae Geranium maculatum wild geranium/spotted geranium Geraniaceae

(bulltongue arrowhead)
S. latifolia duck-potato Alismataceae Hepatica nobilis roundlobe hepatica Ranunculaceae
(broad-leaf arrowhead)

S. graminea duck-potato (grassy arrowhead)  Alismataceae Heuchera americana alumroot/American alumroot Saxifragaceae

S. subulata duck-potato (awl-leaf arrowhead) ~Alismataceae Laportea canadensis wood nettle Purticaceae

Schoenoplectus great bulrush Cyperaceae Lathyrus venosus veiny pea Fabaceae

tabernaemontani

Smilax sp. briers Smilacaceae Lonicera canadensis fly honeysuckle Caprifoliaceae
Osmorhiza longistylis sweet cicely, anise root Apiaceae
Phryma leptostachya lopseed Verbenaceae
Polygala senega Seneca snakeroot Polygalaceae
Polygonatum biflorum Solomon'’s seal Liliaceae
Potentilla monspeliensis cinquefoil Rosaceae
Pteridium aquilinum bracken fern Dennstaedtiaceae
Rosa arkansana wild rose/prairie rose Rosaceae
Rubus allegheniensis blackberry Rosaceae
Rudbeckia laciniata coneflower Asteraceae
Sassafras albidum sassafras Lauraceae
Silphium perfoliatum cupplant Asteraceae
Oligoneuron sp. goldenrod Asteraceae
Thaspium barbinode meadow-parsnip Apiaceae
Ulmus ruba slippery elm Ulmaceae
Urtica dioica stinging nettle Urticaceae
Valeriana uliginosa swamp valerian Valerianaceae
Zanthoxylum americanum prickly ash Rutaceae

Case Study Sites Manna Site (36PI4). The Manna site is located three

Starch grain analysis was conducted on a sample of arti-
facts recovered from three study sites distributed
throughout the Upper Delaware Valley of Pennsylvania
and New Jersey (Figure 9-4). Each site is located within
the Delaware Water Gap National Recreation Area and
has been investigated in cooperation with the National
Park Service archaeologists.
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miles south of Milford, Pennsylvania and is part of the
Minisink Island National Historic Landmark. The site is
situated on the first terrace of the Delaware River adjacent
to the current confluence of the Raymondskill Creek.
Archaeological investigations were carried out as part of
a cooperative agreement between the National Park
Service and Temple University during the 20032004 field
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Figure 9-4. Map illustrating locations of sites included within this study. (Map by William Schindler)

seasons (Stewart et al. 2005). Prior to the 2004 excavations
it was determined that a sample of tools would be ana-
lyzed for the presence of starch residues. In preparation,
the field crew was instructed to minimize handling of in
situ artifacts. Four artifacts were selected from the collec-
tion for an initial trial using starch analysis. Findings from
this study are briefly reviewed here; further details can be
found in Messner and Dickau (2005).

All of the artifacts sampled originated in deposits
stratigraphically and stylistically dating to the later half of
the Woodland period (ca. post-A.D. 1100). Starch residues
were isolated from two of the four artifacts analyzed. The
assemblage recovered from Sample #1, a 13.4 cm x 6.5 cm
elongated quartzitic sandstone cobble that appears ther-
mally altered, consisted of simple irregular grains with
often undulating surfaces and three to four fissures radi-
ating from a central hilum in a “Y” or “X” pattern. The
size range and morphology of these granules is consistent
with hard endosperm maize starch.

Sample #2, a 4.7 cm thick by 17 cm x 17 cm tabular
shale stone resembled a mortar or metate (Figure 9-5).
The starch grain assemblage isolated from this tool con-
sists of fourteen grains representing several different taxa.
Maize starch occurs with the greatest frequency. In addi-
tion, several grains recovered were spherical to oval in
plan and often lenticular to elliptical in profile, ranging
from 20 to 30 um. These grains have been tentatively
identified as deriving from a type of grass. Similar forms
have been seen in several genera of the Poaceae family,
including Hordeum and Elymus. Further work with the
comparative collection is needed before a secure identifi-
cation of these grains can be made. Two starch grains
exhibiting characteristics (oval to elliptical with an eccen-
tric hilum and lamellae) of starch produced in root tissue
were also recovered (Figure 9-7A and 9-7B). Although a
more specific identification cannot be made at this time,
these findings mark the first direct evidence of prehistoric
Native peoples using subterranean storage organs in the
Delaware River watershed.
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Figure 9-5: A tabular shale grinding stone (Sample #2) recovered from
the Manna site.

Loch Lomond. Loch Lomond is located in the Glaciated
Pocono Plateau physiographic province. This upland site
is positioned approximately 122 m above, and nearly 2
km from the Delaware River. Unlike most upland sites,
cultural deposits at Loch Lomond are distributed
throughout the upper 50 cm of the stratigraphic profile,
rather than isolated within a plowzone context. Colluvial
processes were determined to be responsible for the bur-
ial of these cultural deposits. This conclusion is reinforced
by the high frequency of angular rock inclusions. Loch
Lomond, like many other upland sites in the Northeast,
suffered from the adverse impacts of residual soil erosion
and historic land-use practices, contributing to the
destruction of macrobotanical remains. In an effort to
overcome this bias at the site, a large, tabular, quartzitic
sandstone was bagged unhandled in the field and ana-
lyzed for the presence of starch residues (Figure 9-6).

A significant quantity of starch was isolated from this
artifact. The largest percentage of this assemblage consists
of starch exhibiting characteristics consistent with maize
(Figure 9-7D). In addition, several grains were recovered
from at least two other taxa. The first is tentatively identi-
fied as originating from the Poaceae family, similar to
those seen at Manna. These granules are spherical in plan-
view and oval/lenticular in profile, with weak bifrin-
gence, a longitudinal fissure, and often lamellae (Figure 9-
7C). The second taxon present on this tool has character-
istics consistent with Quercus. This simple grain is some-
what oval and regular with a small “V” fissure originat-
ing from a slightly eccentric hilum. In order to secure this
identification, however, a larger number of this morpho-
type needs to be isolated from this tool.
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Figure 9-6: Grinding stone recovered from Loch Lomond.

Researchers posit that upland sites like Loch Lomond
may have been used to carry out resource acquisition
activities such as trade and exchange, hunting, and nut
collecting (Funk 1993; Miroff 2002; Versaggi 1987, 1996).
Maize kernels and cakes can be easily transported away
from major habitation loci during resource procurement
trips. Kernels can be ground and used to make cakes,
negating the need for ceramic cooking vessels. Maize
starch residues isolated from a large tabular stone provide
support for this hypothesis at Loch Lomond.

Archaeobotanical research at this site has demonstrated
that in spite of deleterious site formation processes com-
monly associated with upland environments, data can be
obtained concerning subsistence practices using starch
grain analysis. Based on these findings, starch and possi-
bly phytolith and residue absorption analysis may prove
beneficial for extracting data concerning the role these
upland sites play within Native settlement/subsistence
systems.

Shoemaker’s Ferry. The site of Shoemaker’s Ferry is
located about six miles north of the Delaware Water Gap
in Warren County, New Jersey. It is a multi-component
Woodland Period site situated on a terrace over looking
the Delaware River. The site was excavated in 2004 as part
of a compliance study in advance of a proposed swim
beach development project. The plowzone was mechani-
cally removed, revealing a total of 2,327 features. These
include numerous post molds, house patterns, pit fea-
tures, and individual clusters of ceramic sherds repre-
senting the remains of discarded vessels. The Late
Woodland occupation of the site dates from the
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Figure 9-7: Archaeological starch grains from Manna and Loch Lomond. (A) & (B) “Root” starch recovered from the Manna site, (C) lenticular grain
isolated from a stone mortar at Loch Lomond believed to originate from the Poaceae family, (D) Zea mays (maize) starch also isolated from the mor-

tar at Loch Lomond.

Pahaquarra/Owasco Phase (ca. A.D. 1000 to 1300)
through Minisink Phase (ca. post A.D. 1300), based on
ceramic types. Artifacts recovered suggest a diverse econ-
omy. Numerous net weights indicate the importance of
fishing, but unfortunately, faunal remains did not pre-
serve. An argillite hoe blade, pitted nutting stones, and
ground stone tools indicate horticulture and processing of
different plant foods. Initial analysis of floated macrobot-
anical material from three pit features provided evidence
for the use of mast species (Quercus sp., Juglans cinerea,
and Carya sp.), economic seeds (Polygonum sp., Cuscuta
sp., and Cheno-Am sp.) and fruit (Rubus sp.), as well as Zea
mays kernels and cupules. Macrobotanical remains were
restricted to Minisink aged deposits; they were not found
in the earlier Pahaquarra/Owasco contexts.

As an initial test to assess the potential of starch recov-
ery from carbonized residues from ceramic sherds, six
sherds from four separate contexts were selected for
starch analysis. Three residue encrusted sherds were
selected from a disarticulated Owasco/Clemson Island
cognate vessel (Feat. 911) with exterior cord marking and
punctuates extending down the body from the rim
(Figure 9-8). The remainder were selected from three dif-
ferent pit features dating to the Minisink Phase (Feat.
1125, 718, 1517). Two of the Minisink phase ceramics

Figure 9-8. Ceramic sherd recovered from Feat. 911 at the
Shoemaker’s Ferry site. Maize starch was isolated from carbonized
residue adhering to interior surface and AMS dated to 1040+40 BP.
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Figure 9-9. Archaeological starch from Shoemaker’s Ferry and modern comparative starch. (A) Parker’s Flint (modern) maize starch, (B) maize starch
isolated from Sherd 3 (Feat. 911, FS 45.3, Vessel 1, #2), (C) modern Quercus coccinea starch, (D) starch identified as Quercus sp. also isolated from
Sherd 3, (E) modern Hordeum pusillum starch, (F) damaged starch tentatively identified as belonging to the Poaceae family isolated from Sherd 4

(Feat. 718, FS 133.3).

yielded several starch grains consistent with maize, likely
a harder endosperm variety based on their morphology.
An assemblage of large lenticular shaped gains with cen-
tric hila and diffuse bifringence, accompanied by smaller
spherical granulets, was recovered from the Feature 718
sherd (Figure 9-9F). The larger granules in this assem-
blage are similar to those seen in Loch Lomond and
Manna, possibly belonging to the Poaceae family. Several
other unidentified grains exhibited evidence of heat-dam-
age (e.g., partial gelatinization and/or loss of extinction
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cross) were recovered from the sherds, further evidence
that starchy foods were being cooked in the vessels.
Maize was also found on all three sherds from the
Owasco/Clemson Island pot (Feat. 911). Like the starch
found in the later contexts, it appears to be from a hard
endosperm type (Figure 9-9B). Other taxa were prepared
in this pot as well. Two starch granules from the sherds
were irregular oval in shape, slightly “bent,” with an
eccentric hilum and an uneven bifringence cross (Figure
9-9D). These grains have tentatively been identified as
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Quercus. As with the Minisink phase samples, several
heat-damaged grains were noted in the starch assem-
blage. A sample of the carbonized residue from the pot
was AMS dated to 1040+40 B.P. (Beta 212295, cal 20 A.D.
893-1146, 83C -19.0%0). The isolation of maize starch from
carbonized food residues adhering to ceramic sherds not
only provided evidence of cultigens prepared within this
vessel, but it also established a direct date on maize
residues in the Upper Delaware Valley.

Summary

Starch grain analysis studies have increased the archeo-
logical visibility of maize used within the subsistence
economies of Native groups inhabiting the Upper
Delaware Valley during the Late Woodland period. With
increased visibility our understanding of the behaviors
and technologies used to process maize, as well as the
timing involved in its incorporation into Native
economies can be refined. Findings from Manna and Lock
Lomond provide evidence for the use of unmodified flat
stones as components of maize grinding technology,
while starch grains isolated from carbonized food
residues at Shoemaker’s Ferry establish the presence of
maize within Native economies at least by the turn of the
first millennium A.D. Further archaeobotanical analyses
in the Delaware Valley will help document the emergence
of this species into Native American economies as well as
aid in determining the route, timing, and direction of its
dispersal into the surrounding Northeast and Middle
Atlantic regions.

Moeller (1992) reports high frequencies of macrobotan-
ical remains of “wild” plant species recovered from Late
Woodland pit features in the UDV. Findings from this
study also suggest that wild plant species continued to be
part of Native American subsistence economies after the
adoption of maize farming practices. At least three plants
other than maize are represented on the tools and ceram-
ics analyzed during this study. These include the carbo-
hydrate rich mast species of the Quercus genus, starch
likely derived from some sort of root or tuber, and an
assemblage of grains belonging to the Poaceae (grass)
family (cf. Hordeum sp. or Elymus sp.).

In summary, this research has provided new evidence
that (1) subterranean storage organs were utilized prehis-
torically in the UDV; (2) maize was processed in the
uplands, suggesting its usage as a “transportable food” to
be consumed while conducting other subsistence related
tasks (Berzok 2005); and (3) maize was a part of Native
diets by 1040+40 B.P. Moreover, it has demonstrated the
potential of starch analysis for reconstructing diet and
other aspects of human-plant interaction in the Northeast.
Starch was recovered from both stone tools and ceramic
residues in these initial studies, and from a variety of
preservational environments. Ongoing research in the

application of starch analysis in the Northeast and con-
tinued expansion of the regional comparative collection
will further increase the strength of this method in north-
eastern paleoethnobotany.

CONCLUSIONS

Paleoethnobotanists’ ability to make interpretations
regarding plant use by people in antiquity and under-
stand human-plant relationships over time relies on the
ability to recover archaeobotanical evidence—the organic
residues—of plant preparation and use. In the Northeast,
macrobotanical fossils have increased our understanding
of prehistoric plant use, particularly as it relates to subsis-
tence and activities associated with food acquisition,
domestication, and the dispersal of domesticates into
northern climates. However, data from macrobotanical
remains is often limited by preservation factors.

The recent development and application of microfossil
analyses has dramatically enhanced our ability to collect
the basic data necessary to make interpretations regard-
ing prehistoric plant use. One of the newest methods,
starch grain analysis, offers researchers in the Northeast
the means to obtain direct evidence of plants seldom seen
in the macrobotanical record. For instance, a large per-
centage of subterranean storage organs, fruits, and
seeds/nuts contain carbohydrates, primarily starch, as
part of their nutritional composition. Ethnohistoric and
ethnographic data suggests that many of these plant
organs were processed as part of their culinary prepara-
tion. Plant processing activities can result in the deposi-
tion of starch grain residues within the micro-topography
of stone tools, and on the surface of ceramics. The ability
to isolate and identify starch residues from these artifacts
offers researchers empirical evidence for investigating
questions of plant processing techniques, resource use,
foraging and farming strategies, inter-group trade and
relationships, and many other aspects human behavior.
This methodology, especially when used in conjunction
with other archaeobotanical inquiries, offers the ability to
provide a better understanding of the full range of plant
species incorporated into Native subsistence economies
throughout the Northeast.
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CHAPTER 10

VISIBLE CLUES: THE ANALYSIS OF VISIBLE POTTERY RESIDUES
FROM NEW YORK STATE WITH GAS CHROMATOGRAPHY/MASS SPECTROMETRY

by Eleanora A. Reber and John P. Hart

Pottery residue analysis allows the identification of the
contents of an ancient vessel, and therefore provides a
unique link between vessel form and function. The con-
cept of residue analysis is sufficiently simple that it was
first proposed on a visible encrustation on a Mycenean
vase found in Egypt in 1906 (Gill 1906). It was not until
the 1970s, however, that scientific instrumentation
allowed analysis of the complex mixture of chemical com-
pounds found preserved on the surfaces and within the
clay matrix of archaeological vessels (Condamin et al.
1976; Mills and White 1977; von Endt 1977). Even so, the
identifications made in many of these early attempts of
residue analysis tended to be oversimplistic and depend-
ent on the assumption that only one foodstuff was
processed in a vessel. Increased research throughout the
1980s and 1990s, however, produced a large body of liter-
ature on both methodology and interpretation of pottery
residues of various types (e.g., Beck et al. 1989; Deal and
Silk 1988; Evershed et al. 1990; Evershed et al. 1987;
Hastorf and DeNiro 1985; Heron et al. 1989; Hill and
Evans 1987; Hurst et al. 1989).

This technique was applied to residues in the north-
eastern portion of North America early; Deal and Silk
(1988) published an early study of absorbed pottery
residues from vessels in Maine and surrounding areas,
while Morton et al. (1988) performed an early stable iso-
tope analysis on visible residues from Ontario (see also
Morton and Schwarcz 2004). Another early paper exam-
ined trace elements present in visible encrustations on
Iroquois pots (Fie et al. 1990). That said, organic chemical
analysis of pottery residues from the Northeast seems to
have gone into abeyance until the present study. This
project is the first analysis of lipid residues on archaeo-
logical pottery that the authors could find published on
the Northeast since Deal and Silk’s (1988) early work.

As part of an intensive study of pottery chronology,
technology and use in central New York (Hart and

Brumbach 2003, 2005; Hart et al. 2003, 2007a, 2007b; Hart
and Lovis 2007; Thompson et al. 2004), absorbed residues
were analyzed from 12 sherds, and visible residues from
16 pottery and three steatite sherds (Reber and Hart 2008;
Hart et al. 2008). We limit our discussion here to the
residues analyzed from pottery sherds. Eight of the
sherds had both visible and absorbed residues sampled.
Both types of analysis yielded information on resin seal-
ing of pots in central New York. Although the absorbed
residues yielded more information on the contents of
ancient pottery, visible residues also provided informa-
tion, and the sampling for visible residues was not
destructive to pottery sherds. These studies suggest that
the sampled pottery was largely sealed with pine resin
over its use-lifetime, and used to process a wide range of
resources. The pots apparently were not used to process
single or unique resources.

Organic residue analysis involves the extraction of
lipids that are either absorbed within the ceramic matrix
of a potsherd, or preserved within visible encrustations
on the surfaces of sherds. These extracted lipids are then
analyzed chemically, with gas chromatography/mass
spectrometry (GC/MS) being one of the preferred meth-
ods, as it allows for the separation of complex mixtures of
compounds, which are found in archaeological residues,
and the identification of a wide range of compounds.
Once the compounds have been identified, the analyst
especially tries to identify their source or sources, keeping
in mind that the lipids probably underwent some degree
of hydrolysis, oxidation, or microbial breakdown over the
period of archaeological deposition. Despite the uncer-
tainties inherent in this process, organic residue analysis
in conjunction with analysis of phytoliths and starch
grains can be used to provide direct evidence of resources
processed in pottery. As such, organic residue analysis is
particularly useful in studies of pottery use and food
processing.
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Figure 10-1. Map of sites in New York State that provided samples for this study: (1) Scaccia, (2) Hunter’s Home, (3) Kipp Island, (4) Felix,
(5) Wickham, (6) Vinette, (7) Garoga, Klock, (8) Westheimer, (9) Fortin 2, Street.

In this project, the samples were chosen as part of a
multi-technique study of visible pottery residues on
sherds from central New York State (Figure 10-1). As well
as lipid residue analysis, described in this paper, the
residues were also submitted for radiocarbon dating
(Hart and Brumbach 2005), and phytolith analysis (Hart
et al. 2003, 2007b). Phytolith analysis identified maize
phytoliths in residues dating to ca. 300 B.C. In an attempt
to gather further evidence of early maize in the residues,
12 samples were submitted for absorbed pottery residue
analysis, and 32 samples for visible residue analysis, with
some samples undergoing both types of residue analysis.

Maize, a tropical grass, utilizes C4 photosynthesis, an
adaptation for faster growth in a sunny, well-fertilized
environment (Hatch and Slack 1966; Hatch et al. 1967; van
der Merwe 1982). One result of this type of photosynthe-
sis is that the heavy stable carbon isotope !3C is discrimi-

130

nated against less in C4 photosynthesis than in the C3
photosynthesis standard to non-tropical grasses in the
midwestern and southeastern United States. The pres-
ence of maize (and other tropical grasses) can therefore be
detected by means of measuring the stable carbon isotope
ratio (813C) of a plant, a residue, or the bones of an animal
or human that consumes the C4 plant, since the stable car-
bon isotope ratio is passed up the food chain. In an envi-
ronment where maize, a C4 tropical grass, becomes a
popular crop in a primarily C3 environment, such as the
midwestern and eastern United States, maize can be iden-
tified in the bones of humans and animals that consume
it. Because residues are comprised primarily of lipids,
however, and because maize is very low in lipids (Bianchi
et al. 1984), maize contribution to a residue is often heav-
ily masked by abundant lipids from C3 sources, such as
nuts and meat from animals that did not consume maize
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Table 10-1. Radiocarbon dates of samples mentioned in the text (Hart and Brumbach 2005; Hart and Lovis 2007).

Site Sherd Number 14C Age (B.P) Residue cal 20 Component cal 20?2
Scaccia 71492 2905+35 1256—- 979 B.C. 1256-979 B.C
Vinette 40047-1 2510+35 795-413 B.C. 795-413 B.C.
Felix 40701-21 2205+30 381-172 B.C. 381-172 B.C.
Vinette 40031-2 2270+35 399-208 B.C. 399-208 B.C.
Vinette 40046 1990+40 93 B.C-A.D. 119 39 B.C.—AD. 116
Vinette 40135 1940+35 36 BC-A.D. 130 36 BC-A.D. 130
Westheimer 44533-67 1600+35 A.D. 393-544 A.D. 393-544
Wickham 40291-3 1695+35 A.D. 252-425 A.D. 252-425
Felix 40788-3 1575+35 A.D. 413-561 A.D. 432-575
Fortin 2 46238-16 1525+40 A.D. 432-605 A.D. 434-613
Kipp Island 41119-5 147040 A.D. 443-656 A.D. 600-655
Kipp Island 41119-8 1428+41 A.D. 543-668 A.D. 600-655
Wickham 40525-1 1425445 A.D. 552-667 A.D. 566-656
Felix 40727-19 1430+40 A.D. 543-665 A.D. 608-668
Felix 40677-9 1315450 A.D. 637-860 A.D. 608-668
Wickham 40525-8 122842 A.D. 683-936 A.D. 683-936
Hunter’s Home 48584-1 1211+46 A.D. 682-944 A.D. 772-884
Street 48217-4 1043+40 A.D. 892-1117 A.D. 892-1117
Klock 45738-43 480+40 A.D. 1327-1475 A.D. 13271475
Garoga 42826-2 425140 A.D. 1417-1626 A.D. 1417-1626

2Calibrated 20 ranges for the component from which the sherd originated.

(Reber et al. 2004). Since maize is unusually high in the
long-chain alcohol n-dotriacontanol, if a pot has been
used to process a relatively large amount of maize, the
application of compound-specific isotope ratio mass spec-
trometry to n-dotriacontanol identified in residues can
identify the presence of maize components in a residue
(Reber et al. 2004). This technique requires a relatively
large amount of maize because n-dotriacontanol is a
minor component of maize lipids. Therefore, a negative
result in the compound-specific residue analysis does not
mean that maize was not processed in a vessel, but that
not enough maize was processed to produce a measura-
ble amount of n-dotriacontanol. Maize was not identified
in any of the residues analyzed. The project did, however,
reveal some interesting information on pottery utilization
in central New York State.

ARCHAEOLOGICAL BACKGROUND

Sherds were submitted to the project from 11 sites in cen-
tral New York State. All sherds had visible blackened
encrustations on their interior surfaces. AMS dates for
samples in the text are described in Table 10-1. All sites
were from central New York state, as shown in Figure 10-
1, and cover a long period of pottery use in the region (see
Table 10-1).

ORGANIC RESIDUE ANALYSIS

There are two types of organic residue: visible and
absorbed. Visible residues are blackened encrustations on
the interior of potsherds. They are often believed to result
from one or more cooking episodes gone awry, resulting
in a badly burned meal. As such, they are usually
believed to result from a small number of cooking
episodes, though this idea is not universally accepted.
Lipids and other compounds are preserved within vac-
uoles in the carbonized residue, and can be extracted by
removing the residue from the surface of the pot, and
extracting the lipids with strong solvent (2:1 v/v chloro-
form/methanol, in this study).

Absorbed residues are compounds that are absorbed
within the pores in an unglazed piece of pottery. It is gen-
erally believed that absorbed residues include com-
pounds from the entire use-lifetime of a pot, though it is
possible that there is a saturation point at which further
compounds cannot absorb into the pot walls. Absorbed
residues are extracted from their surrounding ceramic
through destructive testing. The sherd is powdered in a
mortar and pestle, ultrasonicated in strong solvent (again
2:1 v/v chloroform/methanol in this study), and the sol-
vent is then centrifuged and filtered to remove residual
ceramic powder.
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Figure 10-2. Total Lipid Extract (TLE) of a visible residue from Vinette 40046. It shows the full range of compounds present in the residue, including
amyrin, typical of non-tree plant resin, and cholesterol, a biomarker for the presence of animal products. Fatty acids are indicated by a C with the num-
ber of carbons and unsaturattions noted in subscript—C, 4, is a fatty acid with 14 carbons and 0 double bonds. I.S. indicates the internal standard.

Different processes preserve compounds in visible and
absorbed residues. Absorbed residues tend to be com-
pounds hydrophilic enough to dissolve in cooking liquid
and thus absorb into pot walls, but hydrophobic enough
that they do not wash out of those walls during archaeo-
logical deposition. Functionally speaking, lipids make up
the large majority of these residues. Visible residues do
not necessarily have to dissolve in water; they merely
need to be preserved in carbon following a burned meal,
and be hydrophobic enough to not wash out in ground-
water. Visible residues, therefore, tend to produce a wider
range of compounds, though lipids still make up the
largest, and most easily identifiable, portion of these
residues.

Clearly, analysis of absorbed and visible residues have
various benefits and drawbacks. Visible residues are com-
prised of a wider range of compounds, and are (probably)
a snapshot of a small number of cooking episodes.
Absorbed residues contain a smaller range of com-
pounds, primarily limited to lipids, but come from a larg-
er range of pottery use. Absorbed residue analysis is
destructive to pottery sherds, while visible residue analy-
sis is destructive only of the encrustation, not of the entire
potsherd. The final difference between these two types of
residues is in preservation; in general, absorbed residues
have much better yield and therefore give more com-
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pounds for analysis than visible residues, which are nec-
essarily limited by the amount of black encrustation pres-
ent, which is usually very small.

Once compounds have been extracted from the
residue, regardless of the type, they are analyzed in a gas
chromatography-mass spectrometer (GC/MS), which
separates the complex mixture of compounds and pro-
duces a mass spectrum for each by fragmenting them into
a distinctive sequence of molecular fragments. The mass
spectrum may be identified through either a computer
database search, the experience of the analyst, a literature
search, or painstaking analysis of the mass spectrum to
produce a tentative identification of the unknown. These
compounds can also be manipulated in various ways to
clarify the state of preservation and elution of compounds
in the residue. Generally, a total lipid extract (TLE) is first
analyzed from a sample. The TLE shows the state of the
lipid components of the residue as they are extracted
from the sherds and derivatized to trimethylsilyl esters in
order to analyze the compounds in a GC/MS, as shown
in Figure 10-2. If sufficient quantities of residue compo-
nents are present in the TLE, the residue is split into neu-
tral and fatty acid fractions. The neutral fraction includes
compounds that are chemically neutral: sterols, alkanes,
terpenoids, and alkanols. These components tend to be
diagnostic to specific sources or types of sources, and as
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such are termed “biomarkers.” For example, cholesterol is
a biomarker for the presence of meat, while sitosterol (a
common plant sterol) is a biomarker for the presence of
plant components. Neutral compounds are the most diag-
nostic portion of the residue, but also the least abundant.
The fatty acid fraction is comprised of all the acidic
components of the residue, which are primarily fatty
acids. Fatty acids are the most common component in all
residues and all foodstuffs, as they are the building blocks
of triacylglycerols, which make up the vast quantity of all
lipids. Fatty acids are usually not biomarkers, but the
ratios of the different fatty acids may indicate the types of
resources processed in a vessel. Given the abundance of
fatty acids, and given the fact that many different
resources may have been processed in a single vessel,
fatty acid ratios should be used cautiously, but are helpful
in assigning a residue to a category such as “primarily
plant” or “primarily meat”(Reber and Evershed 2004).
The combination of TLE, neutral fraction, and fatty acid
fraction allows a tolerably complete identification of the
resources processed in a vessel.

Methods

All extraction procedures for absorbed residues follow
the procedure developed by Evershed et al. (1990). Sherds
were powdered in a solvent-washed mortar and pestle. n-
Tetratriacontane was added as an internal standard, and
the powdered sherd and standard were ultrasonicated
with approximately 10 mL 2:1 v/v chloroform:methanol
per 2 g of sample for 20 x 2 min with a 10 min cooling
period. The resulting solvent was centrifuged at 2000 rpm
for 20 min, the supernatant was pipetted into solvent-
washed vials, and filtered through solvent-washed 220-
440 mesh amorphous silica gel. This cleaned solvent was
blown down under mild heat and N, gas, and stored in
solvent-washed vials in a refrigerator.

Extraction procedures for visible residues follow the
procedure described by Regert et al. (2003). Sampling of
visible residues took place at the New York State
Museum, where visible residues were scraped into clean
tin foil using a clean disection probe. Upon shipment to
Wilmington, the residues were carefully transferred to a
solvent-washed vial, and ultrasonicated with 5 mL of 2:1
v/v chloroform:methanol as above. All further proce-
dures for visible residues were the same as for absorbed
samples, though a smaller amount of n-tetratriacontane
was added, as the sample sizes were much smaller for
visible than for absorbed residues.

Following extraction, a portion of the residue was
derivatized with approximately 200 yL N,O-bis(trime-
thylsilyDfluoroacetamide (BSTFA) +1% trimethyl-
chlorosilane (TMCS) to produce the TLE. About 10% of
the absorbed residues were taken for TLE analysis, and
about 20% of the visible residues. The TLE was analyzed

in a Fisons 8065 gas chromatograph interfaced to a Trio
1000 mass spectrometer, using a DB-IHT 15 m x .32 mm
column with .1yl film thickness and with a column head
pressure of 13 psi. The temperature was held at 50° for 2
min, then ramped at 10°/min until 350°, followed by a 10
min hold at that temperature. Total runtime was 42 min.
Prior to analysis each day, the GC/MS was tuned with
DFTPP to EPA standards to ensure consistent and precise
mass spectrometry.

About 60% of the total extracted residue was trans-
ferred to solvent-washed culture tubes, then saponified
with 2 mL NaOH / methanol and heated at 72° for 1 h. The
saponified residues were then extracted with 3 x 2 mL
hexane, which was blown down to produce the neutral
fraction, which was stored under N, gas and refrigeration
until analyzed using the same instrument and tempera-
ture program as the TLE.

The remainder of the residue, containing primarily free
fatty acids, was acidified to pH 3-4 with 2 M HCl, and
extracted with 3 x 2mL hexane into cleaned culture tubes.
This solution was evaporated and heated at 70-80° C (45
min) with boron trifluoride (BF;)/methanol, then cooled
and purified water (2-3 mL) added. This solution was
extracted with diethyl ether (2 x 3 mL) which was evapo-
rated to dryness. The resulting fatty acid methyl ethers
(FAMEs) were stored under N, and refrigerated until ana-
lyzed using the same instrument and column as the TLE,
but with a temperature program ramping from 50-150° C
at 15°C min’L, followed by 150-250° C at 3° C min’, and a
10 min hold at 250° C.

Blanks were run in parallel with each batch of
processed residues of both types, to guarantee that labo-
ratory contamination was controlled for and identified if
it occurred. Samples of known contaminants, such as glue
and whiteout, were also analyzed using the same proce-
dure to help in their identification.

Results

The mass of data from a large residue study can be
unwieldy and hard to report in a readable fashion. Table
10-2 describes basic residue interpretations, as well as
comments. The majority of the analyzed residues sug-
gested that the pottery was used to process a mixture of
resources—meat, plant, and tree resin. The high incidence
of tree resin in both absorbed and visible residues from
this project is taken to suggest that pottery from the
region was commonly sealed with pine resin to make it
more waterproof (see Reber and Hart 2008). Of the 20 sep-
arate visible residues from the site, two (10%) were unin-
terpretable, three (15%) were primarily plant, two (10%)
were plant and tree resin, six (30%) were plant, meat, tree
resin mixtures, two (10%) were meat, plant mixtures, one
(5%) was a plant, meat mixture, and four (20%) contained
unusual compounds and biomarkers.
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Table 10-2. Residue type, interpretation, and comments on all residues analyzed in this study, both absorbed and visible.

Sherd # Residue Type Interpretation Comments
Felix 40677-9 Absorbed Plant, meat, tree resin mixture Resin from Pinus sp.
Felix 40701-21a Visible Uninterpretable No neutrals, fatty acids uninterpretable
Felix 40701-21b Visible Uninterpretable No neutrals, fatty acids uninterpretable
Felix 40727-19a Visible Plant/Tree resin Long-chain alcohols, sitosterol, and dehydroabietic acid
Felix 40727-19b Visible Tree resin, plant, meat, possible Didehydroabietic and dehydroabietic acids,
bitumen or tar? tris-Norhopane
Felix 40788-3 Absorbed Plant/Tree resin Dehydroabietic acid
Felix 40788-3 Visible Plant, meat, tree resin mixture Long-chain alcohols, dehydroabietic acid, and
cholesterol present
Fortin 2 46238-16 Absorbed Tree resin, possible meat mixture Didehydroabietic, dehydroabietic, isopimaric acids
and unknown diterpenoid
Fortin 2 46238-16 Visible Primarily plant No biomarkers; interpretation based on presence of
alkanes and fatty acid abundances
Fortin 2 46238-16 Visible Plant, meat mixture Cholesterol, alkanes, wide-ranging fatty acids
Garoga 42826-2 Absorbed Tree resin, possible meat mixture Dehydroabietic, isopimaric acids, unknown diterpenoid
and its methyl ester, fatty acids suggest primarily
meat resources
Hunter’s Home 48584-1 Absorbed tree resin, plant/meat mixture Pyrolytic ketone series, dehydroabietic and isopimaric
subjected to high heat acids, 2 unknown diterpenoid methyl esters, fatty acids
suggest primarily meat resources, some plant neutrals
Hunter’s Home 48584-1 Visible Primarily plant Long-chain alcohol, plant-based fatty acids
Kipp Island 41119-5 Absorbed Plant, meat, pine resin, non-pine Didehydroabietic, dehydroabietic, and isopimaric acids,
resin mixture 2 unknown diterpenoid methyl esters,
cholesterol, amyrin, fatty acids suggest plant
Kipp Island 41119-5a Visible Primarily plant No biomarkers; interpretation based on presence of
alkanes and fatty acid abundances
Kipp Island 41119-5b Visible Meat, plant mixture at high heat Cholesterol, fatty acids include w-(o-alkylphenyl)
octadecanoic acids, probably derived from reaction of
triunsaturated C,, fatty acids
Kipp Island 41119-8a Visible, Plant meat; possible manure Stanone/stanol series, long-chain alcohols, cholesterol,
or coprolite? sitosterol
Kipp Island 41119-8b Visible Plant, meat, tree resin; possible Stanone/stanol series, dehydroabietic and abietic acids,
manure or coprolite? cholesterol, sitosterol
Klock 45738-3 Absorbed tree resin/plant mixture subjected Pyrolytic ketone series, didehydroabietic,
to high heat dehydroabietic, and isopimaric acids, unknown
diterpenoid and its methyl ester, fatty acids suggest
primarily plan
Scaccia 71492 Visible Primarily plant No biomarkers; interpretation based on presence of
alkanes and fatty acid abundances
Scaccia 71492 Visible Uninterpretable
Street 48217-4 Absorbed Tree resin, possible meat mixture Didehydroabietic and dehydroabietic acid, fatty acids
suggest primarily meat, neutral compounds
indicative of plants
Vinette 40031-2 Absorbed Primarily plant No biomarkers; interpretation based on presence of
alkanes and fatty acid abundances
Vinette 40031-2 Visible Meat, plant mixture Cholesterol, sitosterol
Vinette 40046 Absorbed Plant, meat, tree resin mixture Dehydroabietic and isopimaric acids, unknown
diterpenoid and its methyl ester, fatty acids
indicate possibly meat
Vinette 40046a Visible Plant/Tree resin Dehydroabietic acid, fatty acids suggest primarily plant
Vinette 40046b Visible Meat, plant mixture Cholesterol, fatty acids suggest primarily plant
Vinette 40047-1 Visible Primarily plant No biomarkers; interpretation based on presence
of alkanes
Vinette 40047-1 Visible Unique non-coniferous residue Many unidentified diterpenoids, none typical of pine or
other coniferous residue
Vinette 40135a Visible Uninterpretable
Vinette 40135b Visible Meat, plant mixture No biomarkers; interpretation based on presence of

alkanes and fatty acid abundances
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Table 10-2. Residue type, interpretation, and comments on all residues analyzed in this study, both absorbed and visible. continued

Comments

Sherd # Residue Type Interpretation

Westheimer 44533-67 Absorbed Uninterpretable

Westheimer 44533-67 Visible Uninterpretable

Wickham 40291-3 Visible Primarily plant

Wickham 40525-1 Absorbed Primarily plant

Wickham 40525-1 Visible Primarily plant

Wickham 40525-1 Visible Plant, meat, tree resin mixture
Wickham 40525-8 Visible Primarily plant

No biomarkers; interpretation based on presence of
long-chain alcohol, alkanes and fatty acid abundances
Long-chain alcohols

No biomarkers; interpretation based on presence of
alkanes and fatty acid abundances

Long-chain alcohols, dehydroabietic acid, cholesterol
No biomarkers; interpretation based on presence of
alkanes and fatty acid abundances

The unique visible residues included Felix 40727-19, a
sample with standard tree resin, plant and meat compo-
nents, as well as trisnorhopane, a triterpenoid constituent
found in soils and particularly in oil and oil-byproducts,
including bitumen (Connan et al. 1995; Serpico and White
2000). Given the presence of oil deposits in northwestern
Pennsylvania and southwestern New York State, it is pos-
sible that bitumen was processed in, or used to seal, the
pot. Also a possibility is that this component was unusu-
ally abundant in the soil at this site, and a fraction of the
soil contaminated the visible residue during sampling.
Another unique visible residue was Kipp Island 41119-8

(TLE shown in Figure 10-3, and neutral fraction shown in
Figure 10-4). Both iterations of the sample yielded a
sequence of stanols and stanones that seemed most typi-
cal of coprolites or manure (Bull et al. 2002; Bull et al.
1998; Lin et al. 1978). We are hesitant to hypothesize why
this visible residue contained manure biomarkers; it is
possible that the compounds are the result of either pre-
historic or historic post-depositional contamination.
Kipp Island 41119-5 contained a series of isomers of the
isoprenoid fatty acid w-(o-alkylphenyl) tetradecanoic
acid, shown in Figure 10-5. These compounds are believed
to result from high-temperature reactions of triunsaturated
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Figure 10-3. TLE of a visible residue from Kipp Island 41119-8, showing the free fatty acids present in the residue and the sterol/stanone series typ-

ical of manure or coprolites.

Chapter 10 Visible Clues: The Analysis of Visible Pottery Residues from New York State with Gas Chromatography/Mass Spectrometry

135



Relative Intensity

5-a-cholestanol
cholesterol

&
5-B-cholestanone
5-B-cholestanol

ALyg
AL>y

Alg
Alss

N et | Y

sitosterol LS.

10

20 30

Retention Time

Figure 10-4. Neutral fraction of the visible residue from Kipp Island 41119-8, whose TLE is shown in Figure 3. Note that the sterol/stanone series has
become clearer, more complete, and better defined, including the biomarker for plant presence, sitosterol. It is worth noting that both sitosterol and
cholesterol can appear in manure, as they are not usually completely digested (Bull et al. 1998; Lin et al. 1978; Reber 2007). Long-chain alcholos are
indicated by OL with the carbon number in subscript, and alkanes are indicated by AL with the carbon number in subscript.

C, 44 fatty acids, which are common in both fish and veg-
etable oils (Hansel et al. 2004). In fish oils, however,
alkylphenyl fatty acids should occur with 16 and 20 total
carbons, as well, which is not the case in this residue.
Instead, with only 18-carbon alkylphenyl fatty acids pres-
ent, the residue follows the description of the expected
result from a highly unsaturated vegetable source sub-
jected to high heat (Hansel et al. 2004). The final unique
visible residue was Vinette 40047-1, which contained a
series of unidentified diterpenoids completely different
from anything else in the study. The compounds seemed
to resemble those found in non-pine residues from plants
(not trees), but the exact source of these compounds is
presently unidentified. Investigations into non-pine
residues from the central New York region are ongoing.
Absorbed residues from the sites showed a similar mix-
ture of resources processed in pottery, but with a higher
incidence of tree resin, probably, as mentioned above and
discussed elsewhere, due to pot-sealing techniques. Of
the 12 absorbed residue samples, one was uninter-
pretable; two were primarily plant in origin; two were
interpreted as plant, meat, tree resin mixtures; one as a
plant/tree resin mixture; three suggested tree
resin/ possible meat mixtures; and three were unique. The
unique residues included Kipp Island 41119-5, a mixture
of plant, meat, tree resin, and non-tree resin, indicated by
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the triterpenoid amyrin. The other two absorbed residues
contained pyrolytic series, which is a sequence of ketones
formed by pyrolysis of common fatty acids, indicating
that a residue was heated to above 300° (Evershed et al.
1995). Visible residues from the same sherds did not con-
tain the pyrolytic series, though this may have been due
to too small of a sample from the visible residues to detect
the ketones, or the possibility that only the absorbed
residue was exposed to high heat. If the latter were the
case, it would indicate that the pots were used for a vari-
ety of purposes, some of which were high-heat, and some
of which were not.

Interpretations of absorbed and visible residues were
overlapping, but not identical; but probably from the
result of basic differences between absorbed and visible
residues. Since visible residues presumably result from
one, or at least a small number, of culinary disasters, and
since absorbed residues generally result from lipids
absorbed over the entire use-lifetime of a vessel, it is the-
oretically possible that a visible and absorbed residue
from the same vessel could be completely different. The
visible residue could potentially be from a single, atypical
meal, while the absorbed residue would reflect the entire
use-lifetime of the pot, which could extend over a period
of years. Much more likely, of course, is that a visible
residue would result from a typical meal that was burned;
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Figure 10-5. Fatty acid methyl ester (FAME) fraction from a visible
residue extracted from Kipp Island 41119-5, showing the 18-carbon iso-
prenoid fatty acids, typical of heat-caused reactions of triunsaturated
fatty acids. Since the only isoprenoid fatty acids present in this residue
have 18 carbons, it seems likely that the polyunsaturated fatty acids
originate from vegetable oils, rather than fish oils.

however, even a typical meal is unlikely to be identical to
the lipids absorbed in a vessel over a period of years or
months. In this project, tree resins seem to have been com-
monly absorbed into pots, as shown in the absorbed
residues, but were much less likely to be present in visible
residues. This could be simply a statistical artifact of ves-
sel use history. Alternately, it could reflect the fact that
pots used for resin processing may have been less likely
to char or burn, either because resin burns at a very high
temperature, or because people were watching the ves-
sels more carefully when they contained resin than when
they contained foodstuffs.

DISCUSSION AND CONCLUSIONS

Although further analysis of more residues will need to
be performed on samples from central New York state,
absorbed and visible residue analysis does indicate some
of the ways in which pottery was utilized in this area.
Pottery seems to have been used to process a wide range
of resources, including both plant and meat resources,
with plant-based resources predominating. The residues
from many of the pots tested (12 of the total of 20) indi-

cated that the pots probably had been subjected to some
sort of sealing process or used to process tree resin. At
least three of the residues had been subjected to high heat,
indicating that pots were used in high-heat applications
at least occasionally. High-heat would imply much high-
er temperature than used by simple boiling or stewing;
either frying, roasting, toasting, or some sort of use as a
fire carrier are indicated by the pyrolytic formations of
ketones and the heat-based formation of alkylphenylalka-
noic acids mentioned above. The overall portrait of pot-
tery use that can be discerned from this relatively small
study suggests that pottery was used for a range of
resources and a range of uses.

This range of uses may have included maize process-
ing; the technique for detection of maize in lipid residues
requires a large amount of maize to have been processed
in a vessel for it to be detectable in absorbed or visible
residues. Small, or even moderate, amounts of maize
could have been prepared in the pots from which the
sherds tested in this study originated but not be
detectable at the present time. For this reason, although
maize was not a primary food resource, it may easily have
been one of the range of resources processed in the ana-
lyzed vessels as indicated by the results of phytolith
analyses (Hart et al. 2007a).

Moreover, the high yield of information from visible
residues (only 5 of 38 samples were uninterpretable)
demonstrates the usefulness of visible residue analysis of
common pottery. If visible residues are present on pot-
sherds, the odds are better than 50% that useful information
can be derived from that residue. Given the non-destruc-
tiveness of visible residue analysis compared to absorbed
residue analysis, excavators should seriously consider sub-
mitting visible residues for further examination.

Residue analysis has great potential in analyzing the
real uses of pottery vessels; it is therefore unique both in
stylistic analysis and in pottery use analysis. Moreover,
particularly when paired with other microbotanical
analyses such as phytolith and starch analyses of visible
residues, as was done in this project, residue analysis
allows a unique window into ancient resources processed
in pottery.
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